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URBAN ASPECTS OF 


HIGHWAY FINANCE’ 


By JACOB VINER, Professor of Political Economy, University of Chicago 


This study of the problems connected with the financing of highways which affect most closely and peculiarly 
the governments and residents of urban communities was made especially for and under the auspices of the Highway 


Research Board of the National Research Council. 


In 1924 a committee of the National Tax Association, of which 


Professor Viner was a member, presented a comprehensive report on the problems of financing rural highways, but in 
accordance with rts instructions it excluded consideration of the specially urban aspects of the problem from its study. 
The present study 1s, therefore, in a sense a supplement to the former one and deals only with problems not con- 


sidered previously. 


The report of the study 1s divided wnto three 


arts, of which the first, dealing with the special 


interests of cities and urban motor-vehicle owners in the highway finance policies and practices of State and county 


governments, wspublished in this issue. 


The second, dealing with the methods and problems of urban highway finance, 


and third, dealing with certain financial aspects of the traffic-congestion problem, will be presented in a future issue. 


transportation has made necessary a great in- 
crease in expenditures for rural highways. Such 
expenditures for the United States as a whole now 
approximate $1,000,000,000 annually, and appear to 
be stabilized for the time being at this hare To a 
large and growing extent the funds for these expendi- 


SR: tremendous growth in recent years of motor 


tures are obtained by the special taxation of motor. 


vehicles, in the form of Federal excise taxes on motor 
vehicles and parts, passed on in part in the form of 
Federal aid to the States for highway purposes, and of 
State motor-vehicle license and fuel taxes. In 1924 the 
special taxation of motor vehicles produced revenues 
equal to about 45 per cent of the total expenditures of 
the country as a whole for the construction and main- 
tenance of rural highways, exclusive of interest on high- 
way indebtedness,” and the percentage has been aaa 
rising each year. It will in all probability reach 50 per 
cent in 1925. 

The Federal excise taxes and the State motor- 
vehicle license and fuel taxes within each State apply 
aque to automobiles of the same class regardless of 
whether they are owned and used in cities or in rural 
areas. The other sources of rural highway revenues 
are predominantly State and county ad valorem taxes 
on general. property and bond issues, and the bond 
issues will in the main be redeemed with funds derived 
from property taxation or from special taxes on motor 
vehicles. State and county levies on general property 
are, with only two exceptions of importance,’ applied 
to urban and rural population at uniform rates within 
each taxing district, and in these two instances the 
rates are higher on urban than on rural property.‘ 
It follows that urban dwellers and urban vehicle owners 
make the same contribution per unit of property and 
per vehicle of the same class to the cost of financing 
rural highways as do rural dwellers. It is possible 
from available data to estimate roughly the relative 
amounts contributed to the costs of rural highways in 
the form of motor-vehicle taxes by rural and urban 
vehicle owners. 


URBAN-OWNED MOTOR VEHICLES 60 PER CENT OF TOTAL 


The Federal census for 1920 shows that on January 
1, 1920, there were 2,285,531 automobiles and trucks 





1 Part of areport presented by the writer before the annual meeting of the Highway 
or ee dae Board, National Research Council, at Washington, D. C., December 3, 
1925, 

2 National Automobile Chamber of Commerce, Facts and Figures of the Auto3 
mobile Industry, 1925 edition, p. 49. 

3 Minnesota and North Dakota. 

4 There are often substantial differences, however, between the ratios of assessed 
to true value for urban and rural property, respectively, with the result that the 
effective rates are different though the nominal rates are equal. Whether for the 
country at large such differentiation in assessment ratios operates in favor of or against 
urban property it is impossible to decide from the scanty evidence available. 
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on farms.’ The total registration of motor vehicles 
for the country as a whole in the course of 1919 was 
7,565,446, and in the course of 1918 was 6,146,617.° 
Assume that one-seventh of the vehicles registered in 
1918, or 878,088, were scrapped during 1919. This 
would make the number of vehicles in existence on 
January 1, 1920, 6,687,358, or the registrations during 
1919 minus the number scrapped during 1919. On this 
basis the proportion of urban to total vehicles on Jan- 
uary 1, 1920, was approximately 66 per cent. Some 
allowance should be made, however, for automobiles 
owned by rural dwellers who are not farmers and by 
residents in villages and small towns properly to be 
included as part of the rural area. It is estimated that 
this would reduce the percentage of urban-owned to 
total vehicles to 60 per cent, and it would be inferable 
that urban vehicle owners contributed in about the 
same proportion to the motor vehicle tax revenues. 

To obtain an exact figure, further corrections would 
have to be made. The average motor-vehicle tax paid 
per vehicle is much greater for trucks than for passen- 
ger cars,’ and on January 1, 1920, only 6 per cent of 
the motor vehicles on farms were trucks,® as compared 
to 11.7 per cent of the registrations in 1919 in the United 
States as a whole.® Variations in tax rates combined 
with variations in percentages of urban to total vehi- 
cles as between different States, possible variations in 
the average payments of gasoline taxes between rural 
and urban vehicles owing to different annual mileage 
per vehicle of these two classes of vehicles, and possible 
variations in the average license fees paid by rural and 
urban passenger cars because of differences in the type 
of vehicle commonly owned by rural and urban dwell- 
ers, respectively, are further factors affecting the esti- 
mate here made of the proportion of the motor vehicle 
tax revenues paid by urban-owned vehicles. ‘These 
factors, however, probably tend in the aggregate to 
increase rather than decrease the proportion contrib- 
uted by urban vehicle owners. If there has been no 
substantial change since 1920 in the proportions of 
rural to urban vehicles, the estimate of 60 per cent 
as the proportion of motor vehicle tax revenues con- 
e pitred by urban vehicle owners is a conservative 
minimum estimate. On this basis of calculation, 
urban motor-vehicle owners contributed approximately 


5 Fifteenth Census of the United States, Vol. V, p. 514. 

6 National Automobile Chamber of Commerce, Facts and Figures of the Automo- 
bile Industry, 1925 edition, p. 5. 

7 A comparison for 1924 for 28 States, made by Dr. Henry R. Trumbower, showed 
an average license fee of $10.70 per passenger car aS compared to $21.90 per truck. 
(Proceedings of the Fourth Annual Meeting of the Highway Research Board, 1925, 
p. 86.) As trucks ordinarily consume more gasoline per mile than do passenger 
cars, the contribution to gasoline taxes is also probably greater per car for trucks 
than for passenger cars. 

§ Fifteenth Census of the United States, Vol. V, p. 514. 

° Facts and Figures of the Automobile Industry, 1925 edition, p. 4. 
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$260,000,000 in motor-vehicle taxes to the financing of 
rural highways in 1924. 


URBAN USE OF RURAL HIGHWAYS 


It is protested in many quarters, and especially by 
municipal officials, that this is an inequitable situa- 
tion and that urban dwellers should not be required 
to pay the bulk of the costs of rural highways, espe- 
cially since rural dwellers make little or no direct con- 
tribution to the costs of urban streets. The volume 
of protest is steadily growing, and, as will be shown 
later, it has already resulted in some States in a measure 
of reorganization of the highway finance relations of 
State and city, and county and city governments. 
Defense of the maintenance of the existing relationship 
is most conspicucus on the part of the motor interests. 
‘They oppose any diversion of highway revenues from 
the State or county treasuries to the municipalities on 
the grounds that: (1) It would tend to retard the State 
and county programs of highway construction and 
maintenance; (2) the highway improvement program 
of cities is less elastic and flexible than the rural high- 
way program, and the cities will procure funds by some 
means or other to carry out at least the major elements 
of their programs; and (3) the transfer of highway 
revenues from the State and county treasuries to the 
municipalities will not relieve the urban motor-vehicle 
owners as such of any special tax burdens which they 
already bear, since urban streets are now financed only 
to a negligible degree by special municipal taxation of 
motor vehicles. ‘These arguments, and especially the 
first two, have a considerable measure of validity, but 
they appeal to reasons of expediency and not to the 
fundamental equities in the situation. 

To the protest that it is inequitable that urban 
Sl boas owners and urban motor-vehicle owners should 
»e forced to contribute to the cost of rural highways at 
the same rates per unit of property or per vehicle as 
rural property or vehicles, while, on the other hand, 
rural property and rurally owned motor vehicles are 
not required to make any direct contribution to the 
costs of city, a more cogent reply could be made if it 
could be demonstrated that traffic on rural highways 
consists predominantly of urban vehicles, whereas but 
a slight percentage of the traffic on city streets consists 
of rural vehicles. Statistical data on these points ap- 
pear to be sadly lacking. Of the many city traflic 
surveys which were examined, there was not one which 
attempted an estimate of the percentage of motor 
traffic on city streets which consisted of foreign vehi- 
cles. Municipal highway officials who were consulted 
confirmed, however, the common impression that the 
great bulk of the traffic on the streets of the large cities 
consists of local vehicles, and that the percentage of 
rural vehicles on the streets of great cities is at any one 
moment negligible. 

For the percentage of urban vehicles on rural high- 
ways the lack of statistical data is almost as complete. 
A test count made in 1922 on the rural highways of 
Davidson County, Tenn., in which county Nashville is 
situated, showed that 70.4 per cent of the vehicles were 
city owned as compared to 29.6 per cent owned in the 
country. An inquiry made under the same auspices 
indicated that the annual mileage per vehicle on rural 
highways was for urban-owned vehicles 40 per cent that 





© University of Tennessee Engineering Experiment Station, “Highway Economics 
and Highway Transport in Typical Counties of Tennessee,’”’ 1922, p. 19. 


of rural-owned vehicles.°. The percentage of urban 
vehicles to total vehicles on the rural highways should 
be higher in the immediate neighborhood of cities than 
on portions of the rural highway system distant from 
any city. On the other hand, the annual mileage of 
urban vehicles on rural highways should be greater for 
vehicles owned in the smaller cities than for vehicles 
owned in the great cities, where the mileage of street 
pavements is greater and access to the rural highways 
is ordinarily more difficult. 

The Davidson County, Tenn., data can not be ap- 
plied, therefore, to the metropolitan problem without 
important qualification, but they do indicate that a 
substantial fraction of the traffic on rural highways 
consists of urban-owned vehicles.‘' Confirmation is 
supplied by the results of an earlier test made on the 
rural highways of Iowa, which has no large cities. On 
these rural highways test counts indicated that intra- 
county traffic from town to town plus circle traffic from 
town into country and back to town was 30.4 per cent 
of the total traffic. To obtain the total percentage of 
the traffic which consisted of urban cars it would be 
necessary to add (1) urban vehicles going from town to 
farm, urban vehicles going from farm to town, (2) and 
urban vehicles on longer trips crossing county and 
State boundaries, for which data were not separately 
gathered.” Search for further data on this point was 
unproductive of results. 


TRAFFIC COUNTS SUGGESTED AS BASIS OF COST APPORTIONMENT 
TO RURAL AND URBAN USES 


If the principle be accepted that the,costs of financing 
rural highways should be borne by the users thereof 
and should be apportioned among the different classes 
of users in proportion to their use thereof, urban and 
rural motor vehicles should contribute to the costs of 
rural highways in the proportions of their respective 
average annual mileages on such highways. It would 

robably be impossible in practice to secure compre- 
hengive and unbiased mileage data of this character if 
it were to be used as a basis for the apportionment of 
motor-vehicle taxes, but the same purpose could be 
adequately served if at periodic intervals traffic counts 
were made on rural highways to ascertain the relative 
proportions of urban and rural traffic and the costs of 
rural highways were met from motor-vehicle taxation 
apportioned to urban and rural areas accordingly.™ 
If it were disclosed by such traffic counts that the 
relative use of rural highways by rural and urban 
vehicles was substantially different from their relative 
contributions to motor vehicle tax revenues, adjust- 
ment should not be made by differentiating in the 
rates of State taxation as between urban and rural 





il The study of traffic on the highways of Cook County, Ill., recently made by the 
Bureau of Public Roads and the Cook County Highway Department shows that the 
great bulk of traffic on the county highways is produced by Chicago and towns located 
within 5 miles of the city limits. The report of this study will be published shortly 
by the Cook County Highway Department.— Ed. 

ul, R. Agg, “Traffic on lowa Highways,” Bulletin 56, Iowa State College of 
Agriculture and Mechanical Arts, Engineering Experiment Station, Jan. 21, 1920. 

18 Though contrary opinions have been expressed, a count of the relative numbers 
of vehicles of different types which pass the counting stations during the test period 
will, if the stations are sufficiently numerous and are satisfactorily distributed, 
account for rleative mileage of the different types of vehicles on the highways in 
question. The greater the mileage during the test period of any vehicle, the greater 
the likelihood that it will pass a given counting station. If the information needed, 
as in this case, is relative mileage, counting the relative numbers of the vehicles 
passing the counting stations will provide it. If what is wanted is the relative num- 
bers of vehicles of different types on the highways at a given moment, the proper 
test is an actual count of the numbers of each type to be found on selected stretches 
of highway at that moment. In each case, of course, the results obtained are merely 
an index of the situation whose accuracy is dependent on the accuracy of the count, 
the sufficiency in number and in location of the counting stations, the degree to which 


conditions at the test period are representative of conditions at other times, and other 
such factors. 
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vehicles, since such differentiation would open the 
path to serious political dangers, and in any case would 
robably be held unconstitutional in most of the 
tates. 

A more desirable procedure would be, in case it were 
found that the contributions of urban vehicle owners 
were more than proportionate to their use of rural 
highways, to refund to the city treasuries from the 
motor vehicle tax revenues suflicient to equalize the 
ratios of contribution to the ratios of use. On the 
other hand, if it should be disclosed that urban vehicles 
are contributing less than in proportion to their use of 
the rural highways, which in the light cf the scanty 
evidence available scarcely seems likely, adjustment 
could be made by contributing more generously out 
of the State revenues to the cost of rural local or 
secondary highways used mainly for local rural traffic. 
In all cases account should be taken of the relative 
contributions of urban and rural areas to the State and 
county highway funds by means of property and other 
taxes as well as by means of motor-vehicle license and 
gasoline taxes. As a rule, road district taxes and 


special assessments are in rural areas now used only. 


in the financing of local roads which serve primarily 
local needs and are not used to any appreciable extent 
by urban vehicles. But where primary highways are 
financed by these methods credit should be given to 
the rural areas for their contributions in this form. 


STATE AND COUNTY GRANTS TO CITIES FOR HIGHWAY PURPOSES 


In a number of States grants are made by the State 
out of its highway funds to the cities for use in financing 
city streets. The treatment in this respect of large 
cities is often different from that accorded to small 
towns, and we will deal first with the cases in which 
cities over 30,000 in population receive State aid for 
street purposes from the State, either immediately or 
intermediately through the counties, and either in 
the form of appropriated grants or by permitting the 
cities to share in the motor vehicle tax revenues. Most 
of these instances are of very recent origin and are the 
result of pressure from the cities for a share in the 
motor-vehicle tax revenues, but some of them are of 
long standing. While the list which follows may not 
be quite complete, it is believed to include all of the 
more important instances. 


Alabama: 20 per cent of the net receipts from State 
motor-vehicle' licenses collected within municipal 
limits is returned to the municipality where collected. 

California: 50 per cent of the receipts from State motor- 
vehicle and gasoline taxes is returned to the counties. 
The city of San Francisco, which is also the county of 
San Francisco, and apparently also the city of Los 
Angeles, through the county of Los Angeles, share in 
the State motor-vehicle revenues through the apportion- 
ment to the counties. 

Colorado: 50 per cent of the motor vehicle license fees 
and the gasoline tax receipts collected within each 
county is returned tb the county. Denver city and 
Denver County are coterminous, and Denver city 
therefore receives 50 per cent of the State motor- 
vehicle tax revenues collected within its limits. 

Maryland: The city of Baltimore, which is a seperate 
unit in the organization of the State, receives from the 
State 20 per cent of the State motor-vehicle revenues. 

New York: New York City, as a unit in the county 
organization of the State, receives 25 per cent of the 
State motor vehicle registration fees collected within 
its limits. 

Ohio: Cities receive 50 per cent of the State motor-vehicle 
license fees collected within their limits and 30 per 
cent of the gasoline tax receipts. 


Oklahoma: 90 per cent of the*State motor license fee 
receipts is returned to the county where collected, and 
25 per cent of the county’s share is returned to the cities 
and towns within the county. 

Pennsylvania: Philadelphia, which is coterminous with 
Philadelphia County, received in 1925 a grant of 
$250,000 from the State motor license fee receipts. 

Wisconsin: The State makes grants to cities out of its 
highway fund as follows: (a) City streets connecting 
portions of the State highway system, $300 to $500 
per mile, depending, upon the classification of the 
streets; (b) other city streets, cities with population 
over 10,000, $100 to $200 per mile of street, the amount 
per mile increasing with the population. 


OTHER FORMS OF AID TO CITIES 


In a few instances State aid is given to large cities 
for highway purposes in other ways than by grants or 
by refunds of a fraction of the motor vehicle tax 
receipts. In Alabama, Iowa, and Kansas the State 
shares in the cost of construction of highways within 
city limits which connect the street system with the 
State highway system. In Washington the State 
pays the cost of maintenance of State highways within 
city limits. In other States, as, for instance, Cali- 
fornia for one State route passing through Los Angeles, 
and Louisiana for two State routes passing through 
New Orleans, the State in exceptional cases contributes 
to the cost of specified State routes passing through 
or on the outskirts of large cities. As a general rule, 
subject only to occasional exceptions under special 
circumstances, all other States require the larger cities 
and towns to finance from their own municipal funds 
the pavements which are connecting links in the State 
highway systems. 

In general, also, the counties make no contribution 
out of county tax revenues to the financing of the 
streets of large cities, though the situation is compli- 
cated in a number of instances by the merging of the 
county with the municipal governmental organization. 
Three exceptions to this general rule have been found, 
however. In Arkansas and Florida the counties turn 
over to the cities within their limits for street use 
part of the proceeds of the county road taxes. In the 
State of Washington 50 per cent of the cost of arterial 
streets in excess of assessments against neighboring 
property is borne by the counties or the districts with 
which such streets connect. Nebraska presents an 
exceptional instance of the reverse character. Not 
only do the State and the counties make no contribu- 
tion to the financing of the streets of the larger towns, 
but the cities of Omaha and Lincoln are required to 
contribute out of city funds 50 per cent of the cost of 
construction of outlet highways outside their limits 
but adjacent thereto. 

These various grants from State and county funds 
in aid of urban highway finance follow no uniform 
rule, and there is no evidence which indicates that the 
basis of apportionment of the State and county funds 
between urban and rural purposes has in any instance 
been determined by consideration of the respective 
ratios of urban and rural use of the highways and 
urban and rural contributions through taxation to 
their support. In a number of the instances cited 
cities share in the State motor vehicle tax revenues 
only because of the accidental fact that the municipal 
and county organizations have been merged or are 
coterminous. These grants are not very important 
even in the aggregate, an examination of the detailed 
evidence indicating that they did not exceed $20,000,000 


(Continued on page 240.) 
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COMMON-CARRIER TRUCK FEES AND TAXES 


Reported by HENRY R. TRUMBOWER, Economist, United States Bureau of Public Roads 


common-carrier motor trucks is recognized by a 

great many of the States in the levying of a 
special license or registration fee upon vehicles engaged 
in this kind of operation which is considerably higher 
than the fees charged for the operation of a motor truck 
bya private operator. At theclose of 1925 therewere25 
States which charged these extrafees.1 Certain of these 
States have also in effect laws which provide that such 
common-carrier motor trucks may not be operated over 
regular routes and according to definite schedules unless 
certificates of public convenience and necessity are 
first obtained from the public service commission or 
other regulating agency of the State. 

There are also several States which place common- 
carrier motor trucks under the jurisdiction of their 
respective public service commissions which do not 
require a higher license fee of the common-carrier 
menial than they do of: trucks operated as private 
carriers. The States which have in effect public con- 
venience and necessity laws applicable to common- 
carrier trucks are 27 in number? The States of Arkan- 
sas, Idaho, and Mississippi charge special license fees 
for common-carrier motor trucks, but do not regulate 
the movement and operation of such vehicles by requir- 
ing their operators to obtain certificates of public 
convenience and necessity before such operations can 
be engaged in by their owners. 

In order to make a comparison of the license fees 
charged in the 25 States in which special fees are 
charged the license-fee schedule of each State has been 
applied to a uniform type of truck conforming to speci- 
fications as follows: Pneumatic tires; eaEnt 7,000 
pounds; capacity, 6,000 pounds; 30 horsepower; value, 
$4,500; annual gross receipts, $12,000; total annual 
mileage, 20,000 miles; total tire width, 20 inches; total 
annual gasoline consumption, 4,000 gallons. Certain 
of these specifications or a combination of them are 
necessary in order to arrive at the amount of license 
fees and taxes which carriers of this type have to pay in 
all States. In Table 1 the license fees which a common- 
carrier motor truck of these given specifications has to 
pay are shown in relation to the license fees which in 
the same States the same type of truck would have 
to pay if not operated as a common carrier. The 
difference between the two rates, for lack of a better 
name, is called the franchise fee. 

If one such truck were registered and licensed as a 
common carrier in each of the 25 States the average fee 
would be $276.34; if the same truck was licensed as 
a private carrier the average fee would be only $64.03. 
The fact that the truck is operated as a common 
carrier under the assumptions made herein necessitates 
the payment of $212.31 on the average over and 
above the fees charged the oridinary truck operated by 
a business or manufacturing concern but not engaged 
as a common carrier. This difference may be re- 
garded as a payment for a certain privilege. In all 

1 Arizona, Arkansas, California, Idaho, Hlinois, Iowa, Kansas, Maryland, Michi. 
gan, Minnesota, Mississippi, Montana, Nevada, New Mexico, North Carolina 
North Dakota, Ohio, Oklahoma, Oregon, South Carolina, South Dakota, Utah’ 
Virginia, Washington, and West Virginia. y 

? Arizona, California, Colorado, Llinois, Indiana, Iowa, Kansas, Maryland, Michi- 
gan, Minnesota, Montana, Nebraska, Nevada, North Carolina, North Dakota, 


Ohio, Oklahoma, Oregon, Pennsylvania, South Carolina, South Dakota, Utah, 
Virginia, Vermont, Washington, West Virginia, and Wyoming. 


hee special character of business carried on by 


of the 25 States except Arkansas, Idaho, and Mis- 
sissippi the owners of the trucks operated as common 
carriers must first obtain permits or certificates of 
ublic convenience and necessity, which protect the 
olders from unwarranted and uneconomical com- 
petition on the part of other truck operators who may 
desire to run their trucks over the same route or 
routes. On the other hand, the holder of such a 
certificate finds that his service and rates are reg- 
ulated by the State in the same manner as rail carriers 
and public utility corporations. 


TasBLE 1.—License fees charged by 25 States for a 3-ton truck 
of the given specifications when used as a common carrier and a 
private carrier 














License fee | License fee A 
State as a com- | asa private| Franchise 
mon carrier! carrier 

IAT IZ OTR Se. het sae here ea eee ne ee $120. 00 $15. 00 $105. 00 
ATKansas 3s 2 oi. eke Re ee ee eres 187. 50 125. 00 62. 50 
Osliforitig. At 52 oy on Bene ee 498. 00 18. 00 480. 00 
dah 3. x2ceecaea tates an ee eee tere 600. 00 65. 00 535. 00 
Llinois: 32:35). 2- hos cere ee ee, Nees 205. 00 75. 00 130. 00 
LOW Bicscerte nc eee ee, ee ee eee 425. 00 100. 00 825. 00 
Kansas: 200s eo ae at ee a ee | 185. 00 45. 00 140. 00 
Mery ohn Cee ee ace al eee | 433. 33 9. 60 423. 73 
Michigane Sot. Seta eet eee eee 157. 50 87. 50 70. 00 
IMinnesotas 2 oo sae nce ct oo See ee ee 450. 00 108. 00 342, 00 
Mississippis2 28s. 5o0- cee oe ee eee | 128. 75 82. 50 41. 25 
Montana. - 22224233 ac8e nodes ee eee 47. 50 37, 50 10. 00 
Nevada 480. 00 39. 00 441. 00 
New Mexico 70. 00 30. 00 40. 00 
North Carolina-_--- 720. 00 200. 00 520. 00 
North Dakota 132. 00 82. 00 50. 00 
Olio Sie es en ee 140. 00 70. 00 70. 00 
Oklahoma. 100. 00 60. 00 40. 00 
Oregotiete. - oleae asks Pe ee 45. 00 35. 00 10. 00 
South Carolina 150. 00 60. 00 90. 00 
South Dakota. 360. 00 75. 00 285. 00 
‘Utah. <.2so es ee eee ee 400. 00 40. 00 360. 00 
Virginia 520. 00 60. 00 460. 00 
Washington. ss. csece. v=o es en 209. 00 25. 50 183. 50 
West: Virginia®:-_ 295. 25 ee. eee ee 150. 00 56. 25 93. 75 

AVCTALOS. 29- SOc ee ee ee oe 276, 34 64. 03 212, 31 














THE BASIS OF THE EXTRA CHARGE 


From the discussions in legislative assemblies when 
proposals are made to charge higher fees for common- 
carrier motor trucks and passenger vehicles it appears 
that the theory behind this additional charge is not so 
much that an extra payment should be made for the 
so-called ‘‘monopoly privilege,” but that extra charges 
should be made in order that the State and the public 
may receive extra compensation for the use of the 
highway. In most of these license-fee schedules there 
is found a mixture of the “ privilege’ theory and the 
“use of the highway” theory, with the latter theory 
predominating. ‘There are two aspects of this theory, 
one of which may be called the compensatory aspect 
ie foe other the business aspect, which are closely 
allied. 

The State takes the position, in the first place, 
that in licensing two trucks of similar size and capacity 
the one ene ne as a common carrier should be obliged 
to pay a Feet license fee than the private carrier 
because in all probability the mileage of the common- 
carrier vehicle will be much the greater and that the 
operation is in most cases a steady one every day of the 
year, irrespective of road and weather conditions. 
Such operation is calculated to result in greater wear 
and tear on the road, according to the view held by the 
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legislators, involving higher maintenance costs and 
requiring in some cases a more costly road construction 
in the first place. The higher fee is intended to cover 
items of this nature. 

The business aspect is quite different. The fact 
that an individual or a company puts upon the public 
highway a motor truck not engaged in transporting 
the products or goods of the owner but in carrying 
goods offered for transportation by other business 
men or the public puts the owner and the truck in a 
special class; the public highway in such a case be- 
comes an important element in a new business enter- 
prise, and profits are sought by motor-truck operators 
in this sort of enterprise. There arises, therefore, 
in the minds of legislators the feeling that where 
operators use the highways as a part of their business 
enterprises an extra fee should be charged. Further- 
more, in considering this type of highway transporta- 
tion from the business point of view the legislator is 
urged, at least by those interested in rail transportation, 
that these extra license fees and taxes levied against 
common-carrier motor vehicles should be fixed at a 
point which will equalize competitive costs. 

The common-carrier license fees differ widely in 
the several States, as will be noted, and the differences 
between the common-carrier fees and the private- 
carrier fees are still more pronounced. The common- 
carrier fees range from $45 in Oregon to $720 in North 
Carolina, and between these limits the various fees are 
classified as shown in Table 2. Slightly over half of 
the States, as will be seen from this tabulation, charge 
less than $200 as a license fee for this type of carrier; 
approximately a fourth charge between $400 and $500. 
The two which in the table are shown to receive more 
than $600 are States which charge certain percentages 
of the gross earnings in lieu of a regular license fee. 
The $12,000 gross earnings assumed in this hypothetical 
case bring the taxes up to these high amounts. The 
earnings assumed, however, averaging $40 a day, are 
pelipied to be reasonable and normal for this size of 
truck. 


TaBLE 2.—Classification of common-carrier motor-truck license 
fees in 25 States 
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WIDE DIFFERENCE IN FRANCHISE FEES 


The franchise fees vary from $10 in Montana and 
Oregon to $535 in Idaho, their classification between 
these limits being as set forth in Table 3. 


TasBLe 3.—Classification of franchise fees for common-carrier 
motor trucks in 25 States 
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It is significant that the average of the franchise fees 
is over three times as great as the average fee paid by 
this type of truck not registered as a common carrier. 
er cent of the States it is less than 
$100, the high additional fees in a number of the other 
States bring the average up to over $200. 

In order to determine to what extent there is a trend 
towards uniformity and what motives predominate 
in drawing up license-fee schedules, it is of interest to 
analyze and classify the various methods followed in 
arriving at the exact fees to be charged. ‘Table 4 has, 
therefore, been prepared to show the various bases 
used in determining the license fees for common- 
carrier and privately operated trucks in the 25 States, 
and Table 5 to summarize and classify the same in- 
information. 


TaBLE 4.—Basis of license fees for common-carrier and privately 
owned trucks in 25 States 
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TABLE 5.—Classification of license fee basis for common-carrier 
and privately owned trucks in 25 States 
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In 22 of the 25 States listed weight in some form or 
other constitutes the chief basis for determining the 
amount of the ordinary license fees; in 14 States the 
rated carrying capacity of the truck is used as a basis; 
in 3 the unladen weight of the truck; in 2 the gross 


238 


weight of the truck; and in the others there are 
combinations of weight or capacity with a flat charge 
and with horsepower. Only 3 States use as a basis 
some factor other than weight (or capacity). One of 
these uses horsepower, another the value of the truck, 
and the third tire width. 


HIGHWAY USE A POPULAR BASIS FOR COMMON-CARRIER FEES 


When we come to a study of the basis used in de- 
termining the license fees for common-carrier motor 
trucks it is seen that the use which the truck makes 
of the highway becomes one of the most important 
considerations. The license fees charged for the 
private trucks are in no way affected by the extent 
to which the highway is used. A truck of a given 
size or capacity pays in the several States the same 
respective license fees whether it is. operated during 
a year’s period 100 miles over the public highways or 
20,000 miles, so long as it is used privately. But in 
the common-carrier rates, on the other hand, there is 
a decided shift in the basis of the fees, tending from 
the fixed fee regardless of the use made of the high- 
ways or the amount of business done to a fee which 
reflects to a large degree the aniount of operation 
over the highway and the amount of business trans- 
acted. Fourteen of the 25 States have introduced 
this factor in some form, measured variously by gross 
receipts, mileage, capacity-mile, or weight-mile. The 
gasoline tax is, of course, another way in which recog- 
nition is given to this factor of highway use; and this 
tax is paid by the privately owned trucks as well as 
by the common carriers. But, presumably, it is paid 
in greater amount by the latter because of their more 
extensive operation. 

In the following analysis the basis of the common- 
carrier fees in these 25 States are examined in detail 
in order to develop more clearly the principles followed 
in the taxation of vehicles of the special class. 

Fees based on truck capacity—Of the four States, 
‘Arkansas, Kansas, Mississippi, and Ohio, in which 
license fees for common carriers are based on the 
capacity of the vehicle, two, Arkansas and Mississippi, 
arbitrarily add 50 per cent to the rates charged for 
private trucks. Kansas charges the common-carrier 
truck the regular license fee for trucks which is based 
on capacity, and then adds to this a flat fee varying 
with the capacity of the truck. In Ohio the private 
truck is charged a fee the amount of which depends 
upon its weight. The common-carrier truck, on the 
other hand, pays a fee which is based on its carrying 
capacity. Common-carrier trucks that are not oper- 
ated over regular routes and between fixed termini 
pay from 30 to 40 per cent less than trucks that are 
scheduled to operate over regular routes. This differ- 
ential is explainable in part upon the assumption that 
the truck that does not operate over a regular route 
will not make as much use of the highways as a regular 
truck, and in part by reason of the special privileges 
granted to the truck engaged in regular service over a 
definite route. 

Frees based on truck weight——Michigan is the only 
State in which the fee depends solely upon the weight 
of the truck. The fees for private trucks are de- 
termined upon the same basis, but in the case of the 
common carrier an extra charge for each 100 pounds 
is added to the regular license fees. 

Fees based on gross weight of truck.—In Ilinois 
private trucks are classified according to gross weight 


(weight of the truck plus its rated capacity) and the 
fees are fixed accordingly. A common-carrier truck 
has to pay, in addition to these regular registration 
fees, a special fee of $1 per 100 pounds gross weight. 

Fees based on the value of the truck—In only one 
State, Minnesota, is value made the basis upon which 
license fees are charged for all types of motor vehicles, 
passenger cars and trucks alike. The rate for private 
trucks is 2.4 per cent of their value (the value being 
the manufacturer’s price less a fixed rate of deprecia- 
tion per year), whereas a truck engaged in the general 
transportation business over a regular route is obliged 
to pay a license fee of 10 per cent of its value. 

Mees based on flat rate plus capacity.—Montana 
varies its schedule of license fees for private trucks 
according to capacity. The same rates are charged 
for common carriers, with an additional fee amounting 
to not more than $10. In New Mexico, the only 
other State which uses this basis, a flat sum is charged, 
and to this is added a certain rate per 100 pounds of 
carrying capacity. In the case of the common-carrier 
truck both the flat rate and the rate per 100 pounds 
capacity are increased by about 50 per cent. 

Fees based on value plus weight plus horsepower plus 
capacity.—North Dakota employs the four factors of 
value, weight, horsepower, and capacity in arriving 
at the license fee for a private truck. For a common 
carrier the capacity rates are practically doubled, and 
in addition a special fee, based upon capacity, must be 
paid to the railroad commission, the State agency 
which has jurisdiction and control over common- 
carrier motor truck operations. 

Fees based on tire width—Oregon bases its license 
fees for private motor trucks upon total tire width. 
Trucks which engage in common-carrier service pay 
50 cents per inch{of tire width more than the other 
trucks, a 





ich is an increase of about 25 per cent. 
STATES IN WHICH HIGHWAY USE IS THE BASIS 


Fees based on gross receipts—Four States use the 
gross receipts from the operation as the basis for 
determining the amount of license fees or taxes which 
a common-carrier motor truck should pay. It is held 
that the amount of receipts is a reasonably fair index 
of the amount of business done, and in turn of the use 
made of the highways by the vehicle producing the 
earnings. The four States following this method are 
Idaho, Nevada, North Carolina, and South Dakota, 
and the charges range from 3 per cent to 6 per cent of 
the gross receipts. South Dakota collects 3 per cent, 
Nevada 4 per cent, Idaho 5 per cent, and North 
Carolina 6 per cent. In some cases the payments are 
made anki and in other cases nent: 

Fees based on the capacity-mile.—In charging license 
fees which are based upon the number of ile operated 
multiplied by the number of tons of carrying capacity, 
an attempt is made to make the contribution of com- 
mon-carrier motor trucks;depend directly upon the use 
which is made of the highways. Tonnage and mileage 
are the two best indices. Actual tonnage would be still 
better, but in order that the law may be practically 
administered it is necessary to use capacity instead. In 
most cases the collection is made in advance at the 
time the license is issued. The carrying capacity of 
the truck and the mileage over which it is proposed to 
operate it are indicated on the application, and from 
ae data the capacity-mileage fos the year is com- 
puted. 
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Five States have adopted this basis. The fees 
range from one-sixth to two-thirds of a cent per ton- 
mile. Arizona charges one-fifth cent, Iowa one-half 
cent per ton-mile. Maryland grades her ton-mile 
rate from one-sixth to one-third and one-half cent per 
ton-mile, depending upon the weight of the truck and 
the type of tire equipment. Utah instead of classifying 
the truck classifies her highways. Common-carrier 
trucks operating over hard-surfaced roads pay a rate 
of two-third of a cent per ton-mile, while those which 
operate over roads that are not hard surfaced pay at 
the rate of only one-fourth cent per ton-mile. This 
classification involves two well-recognized principles 
of highway finance. The first, which is axiomatic, is 
that the more a State spends on highway improvement 
the more revenue it must have to meet such expendi- 
tures; and the second is that the greater the degree of 
highway improvement the more will motor-vehicle 
operators be able to afford in the way of license fees 
or taxes on account of the reduction in the costs of 
operating the motor vehicle. In this case the license 
fee charged for operating over hard surfaced roads is 


more than double that charged for operating over other - 


types of roads, and there is slight doubt that the 
operators gladly pay the additional fees in order to 
have the benefit of the better roads. West Virginia 
charges a rate ranging from one-fourth to one-third 
cent per ton-mile, depending upon the weight of the 
vehicle used. 

Frees based on flat rate plus weight plus gross receipts. — 
California is the only State in this group. The 
private carrier is charged a fee based on the weight of 
the truck plus a flat fee of $3. Common carriers have 
to pay this same fee plus 4 per cent of the gross receipts. 

Fees based on =e plus capacity.—In Oklahoma 
the private motor truck is charged a license fee de- 
pending on the capacity of the truck. A common 
carrier pays this same fee, and in addition is obliged 
to pay a fee of one-fifth cent per mile on the distance 
traveled. 

Fees based on gross weight-mile-——The private 
motor-truck fee in Virginia is based on capacity. 
The fee for a common carrier, on the other hand, is 
determined by multiplying the gross weight of the 
vehicle by the number of miles traveled times one-fifth 
cent for the smaller trucks, two-fifths cent for larger 
trucks, and three-fifths cent for the trucks of the 
heaviest class. 

Fees based on gross weight plus gross receipts.—Wash- 
ington is the only State using this method. Private 
trucks pay fees which are based on weight. Common- 
carrier trucks are charged on the basis of gross weight, 
and in addition an amount not to exceed 1 per cent 
of the gross receipts. The part of the fee which is 
based on the gross receipts is credited to the funds of 
the public service commission and is intended to 
cover the costs incurred by that body in the regulation 
and supervision of common-carrier motor vehicles. 


GASOLINE TAXES OF THE 25 STATES 


These license fees are supplemented in every one o 
the States under consideration, except Illinois, by 
gasoline taxes which vary from 1 to 5 cents per gallon. 
It is assumed that the truck which has been used in 
this study for comparative purposes will consume 
approximately 4,000 gallons in operating 20,000 miles, 
and on this basis the gasoline taxes which would have 
to be paid in the several States, together with the 


license fees and the total license fees and gasoline 
taxes, are set forth in Table 6. 


TABLE 6.—Common-carrier motor-truck license fees and gasoline 
taxes of 25 States 
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The average license fee paid in the 25 States by a 
common-carrier truck of the assumed specifications is 
$276.34, the average gasoline tax $105.60, making a 
total of $381.94 per truck. The total payments range 
from $127.50, the charge made by Montana, to $880, 
by North Carolina. In the light of the average the 
gasoline tax is the smaller part of the total payment, 
averaging 27 per cent of the total. There are 5 States, 
however, where the gasoline tax exceeds the license fee; 
these are Montana, New Mexico, Oklahoma, Oregon, 
and South Carolina. 

In addition to these two types of fees and taxes the 
common-carrier motor trucks are subject in most 
States to the general property tax. The amount of 
that payment depends altogether on the assessed val- 
uation and the tax rate. It should be noted, however, 
that seven of the States dealt with in this article have 
relieved the common-carrier motor truck by specific 
statutory exemptions from the payment of property 
taxes. These States are Idaho, lowa, Michigan, Min- 
nesota, North Dakota, Oklahoma, and Oregon. In a 
number of the States, on the other hand, cities and in- 
corporated towns are permitted to charge special 
license fees for trucks engaged in common-carrier service 
and make a practice of doing so. The available data 
are not sufficient to determine closely what such 
municipal license fees and general property taxes 
amount to in the several States, but it 1s believed that 
they amount to a fairly substantial yearly payment on 
the average. 


INTERSTATE OPERATION DOUBLY TAXED 


Where interstate operations are involved common- 
carrier motor trucks operating over regular routes be- 
tween two States are required to take out licenses in 
each of the States. If the license fees in each of the 
States involved are measured by a mileage or gross- 
earnings factor the total registration fee is no greater 
for the interstate than for intrastate operation. But 
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if the interstate operation occurs between two States 
each of which has in effect license-fee schedules based 
upon capacity or weight it is necessary to pay the full 
license fee in each State. lor example, a common- 
carrier motor truck operating between a point in Min- 
nesota and a point in North Dakota would have to 
pay the $450 fee for a 3-ton truck with the given speci- 
fications in Minnesota, and $132 in North Dakota in 
addition to the gasoline tax. In all of the States ex- 
cept those which base their fees on ton-mileage or 
gross receipts 1t is more expensive to operate common- 
carrier motor trucks in interstate than in intrastate 
commerce. 

These average license fees and gasoline taxes, which 
for a common-carrier truck amount to $381.94 are 
approximately 3.2 per cent of the assumed annual gross 
receipts of $12,000. How nearly this ratio actually 
holds true can not be definitely determined on account 
of the lack of operating and financial reports. Ac- 
cording to the assumptions that have been made this 
type of motor truck under consideration would have to 
pay in Maryland a license fee and gasoline taxes which 
would amount to 4.3 per cent of its annual earnings. 
In the same State eight motor-truck operators re- 
ported in 1924 that their taxes and license-fee pay- 
ments amounted to 5.7 per cent of their gross receipts. 
In this report the personal property taxes were un- 
doubtedly included, but the taxes concealed in their 
gasoline costs do not appear as a tax item. Accord- 
ingly, it appears that at least in this particular case 
the total tax burden, including personal property 
taxes, license fees, and gasoline taxes, amounted to a 
sum in excess of 6 per cent of the gross earnings. 

It may be of interest further to compare these tax 
payments with the tonnage carried in order to deter- 
mine the amount of the tax burden on the actual service 
rendered. ‘Table 7, therefore, shows the total of license 
fees and gasoline taxes for each State reduced to a ton- 
mile basis, using the assumptions made throughout this 
article. 

TABLE 7.—Taz-burden per ton-mile 
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The average tax burden of 6.3 mills per capacity 
ton-mile is based on the assumption of a full capacity 
load for every mile operated. For a 50 per cent load 
factor these fees and taxes would amount to 12.6 mills 
per ton-mile, and for a 75 per cent load factor they 
would be 9.4 mills per ton-mile. As investigations have 
shown that the actual load factor commonly ranges 
between 50 and 75 per cent, it may be fairly assumed 
that the latter averages are nearer to the fact than the 
lower average shown in Table 6. 

An examination of license fees and an investigation 
of tax burdens which the several States are placing upon 


motor trucks engaged in common-carrier service tends 
to show that in the past few years many of the States 
have passed laws requiring the common-carrier truck 
to pay license fees which on the average are approxi- 
mately four times the fees charged for privately oper- 
ated trucks. More and more States have followed 
this policy of exacting higher fees from the common- 
carrier vehicle. There appears to be a lack of uni- 
formity as to measures employed to determine the 
amount of the fee, but there is evidence of a tendency 
to use means which reflect the use made of the highways 
furnished for this business by the public and which 
furnish an index of the operator’s ability to pay in 
that he is supposed to be able to pay a higher fee if his 
gross earnings are large than if they are small. 











URBAN ASPECTS OF HIGHWAY FINANCE, 
(Continued from page 235) 

in 1923 for all cities in the United States having a 

population of 30,000 or over. 

Small towns, and especially those under 2,500 in 
population, receive more generous treatment. It is 
the general rule or the frequent practice in a majority 
of the States for the State itself to construct or to 
provide funds for the construction of standard sections 
of State highways passing through towns not exceeding 
a specified population; in some cases maintenance also 
is provided by the State. This is a desirable practice, 
if for no other reason than to provide a safeguard 
against serious impairment of the efficiency of State 
highway systems through the persistence of unpaved 
or unsatisfactorily Eee leds sections within the 
limits of small towns. In a few States, especially in 
New England, small towns receive aid from the State 
in financing their general street program, whereas 
larger cities receive no such aid. This may perhaps be 
justified on the ground that for very small towns the 
town limits are not to any appreciable extent traffic 
boundaries, and common financing with the surrounding 
rural highways is logical. In States in which the county 
is an important political unit it would be more desirable 
that any aid given to small towns for their general 
street program should be given by the county rather 
than by the State. Such streets, like local rural roads, 
render little service to the dwellers in large cities, and 
they should not be made, through their contributions 
to the State tax revenues, to contribute to their support. 


LANDSLIDES TO BE STUDIED 


The United States Bureau of Public Roads has as- 
signed Dr. George E. Ladd, geologist, to a study of 
the problems involved in landslides in West Virginia 
and Ohio, with particular reference to the effect of 
slides on road construction. 

A preliminary survey has been completed in the two 
States. For the future it is planned to make a field 
study of the geological and topographic conditions 
involved, and a detailed study of the different types 
of slide which are about equally divided between 
side-hill and fill slides. Possibilities of surface drainage 
wil be investigated and field experiments will be con- 
ducted. In addition to the field work, laboratory ex- 
periments will be made on average samples of slide 
material from different localities. 
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EFFICIENCY IN CONCRETE ROAD CONSTRUCTION 


A REPORT OF OBSERVATIONS MADE ON GOING PROJECTS BY THE DIVISION OF CONTROL, BUREAU 
OF PUBLIC ROADS 


Reported by J. L. HARRISON, Highway Engineer 


PART III.—THE EFFICIENCY OF EQUIPMENT 


N THE previous article the fact was brought out 
| that the cost of hauling material increases rapidly 
with the distance it is hauled. This in turn in- 
creases the cost of the paving. It is, therefore, ad- 
visable, other things being equal, to keep the haul from 
the material yards to the mixer as low as possible. 
But even when appropriate sites for material yards are 
so favorably located as to make possible a series of short 
hauls for the entire project, the advantage of these 
natural conditions may be largely lost to the contractor 
unless his material-handling plant is so constructed that 
it can be moved from one site to another expeditiously 
and at small expense. 

If the element of mobility is ignored, the problem of 
moving from one material-handling yard to the next is a 
serious one, not so much because of the increase in the 
direct cost as because of the time involved. When 
operations must be closed down even for a day or two 
some of the men are almost certain to leave. Then 
when operations are resumed men who are not familiar 
with the work must be employed and trained before 
the organization will run smoothly. The result is 
a series of expensive intangible losses very hard to cal- 
culate. To avoid such losses every unit in the material- 
handling plant should be so designed that it can be 
moved between quitting time at night and the resump- 
tion of work next morning. 

The probability that the crew will be more or less de- 
moralized by closing down the work is so great that con- 
tractors often keep their men employed during periods 
when the material-yard equipment is being moved, even 
though the work done is valueless from the production 
standpoint. This practice generates tangible losses 
equal to the amount paid for the performance of useless 
work, but these losses are accepted by the contractors 
as preferable to the intangible losses faced when trained 
men leave. As such operations may run for two or 
three days, the importance of the losses incident to any 
slowness in changing the material-yard set-up and the 
real value of high mobility are apparent. Rollers, 
tractors, trucks, etc., are highly mobile. They can be 
transferred to a new base of operations cheaply and 
within a short time. Modern mixers, cranes, and other 
items of heavy equipment have some degree of mobility, 
but manufacturers could well give more consideration 
to this feature in design. There is a good deal of com- 
plaint among contractors that when such equipment 
must be moved any considerable distance under its own 
power there is a tendency for bearings and clutches to 
overheat, with the result that frequent long stops have 
to be made to keep them from burning out. This con- 
dition can be and should be so fully corrected that 
mixers and crawler-type cranes can be moved expedi- 
tiously and under their own power any reasonable dis- 
tance, even over unimproved roads. The exact speed 
which they should be able to maintain is of less im- 
portance. Two or three miles an hour would be fast 
enough. But they should be able to accomplish these 
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trips without the necessity of making long and repeated 
stops to cool bearings and clutches. 

Bins, hoppers, etc., even many of the best of those 
manufactured for use on concrete paving jobs, seem to 
have been designed with little thought of portability. 
They should be built in rigid sections and provided 
with holes or handles at points which can be reached 
by the crane, so that by removing a few pins or a few 
bolts each section can be lifted down and placed on a 
truck. There is no reason why the steel hoppers used 
for sand and coarse aggregate should not be so designed 
that they can be taken down in a few hours, hauled to 
the new location, and erected in about the same length 
of time. Detail plans for both erection and dismantling, 
as well as instructions governing the performance of 
these operations, should be furnished with all equip- 
ment of this kind. 


THE PROPER USE OF THE STOCK PILE 


The most commonly accepted practice in handling 
concrete aggregates is the use of bins and hoppers. 
This, however, is not the only method applicable to 
this work. It may therefore be well to refer again to 
the fact that present-day manufacturing enterprises— 
and laying a concrete pavement is typically a manufac- 
turing enterprise—do not depend so largely on the accu- 
mulation of heavy stocks of materials as they do on 
properly adjusted rates of delivery of the necessary 
materials. The stocks serve merely to absorb tempo- 
rary excesses in the rate of delivery and are drawn upon 
only when there is a deficiency in the rate of delivery. 
If, in laying concrete pavements, the rate of rail delivery 
could be maintained in exact harmony with the rate of 
use at the mixer, no material would need to go to the 
stock piles. But this is, of course, a condition impossi- 
ble of attainment on a job of any length, since weather 
conditions and other unpreventable causes hinder the 
attainment of uniformity in the rate of output, even 
though the production of the mixer while it is at work 
be maintained at a uniform rate. In practice, therefore, 
there are periods when some material must go to the 
stock piles and others when materials must be with- 
drawn. The closer the approach to a direct transfer of 
materials from cars to job the greater, of course, will 
be the economy of operation. A direct transfer in- 
volves handling the materials but once. Passing the 
materials through the stock piles involves handling 
them twice, and where the piles become very large a 
third handling may be necessary. In the latter case, 
if the plant is being worked to capacity, it may be 
necessary to do overtime or night work in moving the 
materials, thus adding to the extra handling still 
another expense. 

On by far the larger number of concrete paving jobs 
the materials are delivered at the material yards by 
rail. The handling equipment should, therefore, be so 
designed that it will unload railroad cars efficiently. 
But as there are also jobs where the materials are 
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secured from local quarries, sand pits, gravel beds, etc., 
the equipment should also be adaptable to such uses 
as well as to moving stock-piled materials. 

There are four general systems of handling materials 
used in concrete road construction, in which the opera- 
tions are as follows: 

1. Cars to loading bins or stock piles by crane; bins 
to trucks or industrial railway cars by gravity. 

2. Cars to pit by gravity; pit to stock pile by belt 
conveyor; stock pile to trucks or cars by elevating 
bucket conveyors, often known as loading machines. 

3. Cranes or belt conveyors to stock piles over tun- 
nels; stock piles to cars, occasionally to trucks, by 
eravity. 

4. Cars to wagons or trucks by hand shoveling; 
wagons or trucks to job where materials are piled along 
subgrade; piles to mixer in wheelbarrows. 

Of course there are various modifications of all of 
these methods, and occasionally a new idea is encount- 
ered. In general, however, the new methods fail to 
produce the desired results and are soon abandoned; 
and much the same may be said of systems 3 and 4, as 
described above. The latter of these was at one time 
the all but universal practice; it is now almost entirely 
out of use. Hand methods are seldom advantageous, 
even when labor is cheap, for probably the most specu- 
lative element in any enterprise of this sort is the out- 
put which can be obtained from the labor employed. 
To reduce the amount of labor required, and particu- 
larly to introduce elements which tend to control the 
amount of work done per man per day, reduces the 
importance of the speculation involved. The inaccu- 
racy with which the batch is measured has also served 
to hasten the abandonment of this system of handling 
materials. 

Somewhat the same conditions have all but forced 
the loading tunnel out of existence. At best the batch 
is poorly measured by this system; and all things con- 
sidered, though on the face it is cheap, it has never been 
very satisfactory. 


THE MODERN HANDLING SYSTEMS 


Two really modern systems remain. Both work well 
and can be successfully operated. The scheme of 
passing material to pits by gravity, to stock piles by 
yelt conveyer, and through loading machines to the 
trucks is probably somewhat more mobile. It has the 
disadvantage, however, of generally using four machines 
to do the work of the crane and the bins, and as a 
result the number of men required for successful opera- 
tion is larger. Some advantage accrues to this system 
from the fact that where the sand is obtained from one 
point and the coarse aggregate from another the equip- 
ment can be readily divided. ‘The percentage of jobs 
where this condition prevails, however, is small, and 
as the pay roll is relatively large it does not now, in 
spite of the high mobility of the machines involved, 
seem likely to displace the more general method of 
handling aggregate, the crane and loading bin. 

In the performance of any operation efficiency is at- 
tained only when the end is accomplished with the least 
possible work and when the work that is done is done 
expeditiously and accurately. Judged by this standard 
the crane and the loading bin have shown their advan- 
tage. Inasystem involving the constant, steady deliv- 
ery of material the crane has proved to be a dependable 
a of equipment. The stented set-up issimple. The 
1oppers are set at such a distance from the track that 
the crane, which should be of the crawler type with a 


34-yard bucket, can work freely between the hoppers 
and the cars. The distance between stock piles should 
be such that two cars, one of sand and one of gravel, 
may be reached. The crane will then unload either 
into the hoppers or onto the stock a this being 
governed by the number of cars to be handled and the 
requirements of the mixer. 
good 34-cubic yard crane in the hands of a skillful 
operator will move a bucket every half minute from a 
freight car into the hoppers, and will operate at a shghtly 
higher rate from the stock piles into the hoppers, as indi- 
cated by the actual stop-watch readings presented in 
Tablel. When handling sand the loads willaverage close 
to the rated capacity except in very dry sand, which will 
run out badly if the bucket does not close tight. When 
handling crushed stone or gravel the loads will average 
about 0.6 cubic yard. The average load obtained while 
working from a freight car is less, about 0.6 cubic yard 
for sand and seldom an average over 0.5 cubic yard for 
stone. This difference is due principally to the diffi- 
culty of getting a full bucket in a nearly empty car. A 
good operator, however, can take a cubic yard of gravel 
or stone out of a freight car every minute, and a little 
more than that amount of sand. With good operation, 
therefore, the output should be about 60 cubic yards 
pa hour; but the daily rate will seldom reach the 
ourly rate multiplied by the number of hours. One 
reason is the delay caused by shifting cars. Another 
is the fact that if a car of sand and a car of stone are 
being unloaded into the hoppers it is obvious that the 
car of stone will be emptied first. If the cars have not 
been spotted in the proper order it will then be neces- 
sary either to get stone from the stock pile until the 
sand car is emptied or else to empty the sand car onto 
the stock pile before new cars are brought up. Of 
course it is desirable to have the cars spotted ie the 
railroad so that as a general practice the string waiting 
to be unloaded is made up alternately of two cars of 
gravel or stone and one an sand, but it is not always 
possible to get train crews to exercise this care in setting 
off and arranging cars. 


TaBLE 1.—Stop-watch readings of time required to handle material 
by crane from stock piles and cars to batcher plants 
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The capacity of the crane as a tool for unloading 
cars is of importance only when for some cause too 
many have been delivered at one time and it is neces- 
sary to get them unloaded in order to avoid demurrage. 
The vitally important question is whether or not the 
crane can keep up with the demands of the mixer. It 


———— 








than many suppose. 
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has been stated that the mixer, when working at full 
efficiency, can turn out 48 batches of concrete an hour. 
The mix may be as lean as 1:2:4, which requires 
approximately 10 cubic feet of sand and 20 cubic feet 
of coarse aggregate per batch. This is a maximum 
demand of 480 cubic feet, or about 18 cubic yards of 
sand and 960 cubic fect or about 36 cubic yards of 
coarse aggregate, a total of slightly over 53 cubic 
yards an hour. From this it will be clear that the 
crane is able to keep up with the mixer even when it 
is working from the cars to the hopper and the mixer 
is operating at full efficiency, but that it has rather a 
narrow margin to work on. It is also clear that if 
manufacturers develop a 6 or 7 bag mixer which can 
turn out as many batches an hour as the modern 5-bag 
mixer, a heavier crane with a larger bucket will be 
needed to keep up with the mixer when it is working 
at full efficiency. 


WINTER STOCK PILING EXPENSIVE 


In this connection there is some light that can be 
thrown upon the practice of stock piling aggregate 
during the winter, which is so often recommended. 
By the crane and bin method winter stock piling 
can be done readily enough wherever space is available. 
The bucket will take either stone or sand out of the 
freight cars even though it has been somewhat con- 
solidated by freezing, a more common winter condition 
The difficulty with this system 
is its cost. Rail delivery in general is so dependable 
that if shipments at the source of supply are made 
according to schedule and the mixer is operating with 
reasonable efficiency upwards of 75 per cent of the 
aggregate will go from the cars direct to the job. The 
other 25 per cent or less will go to the stock piles and 
then to we hoppers. This generates an average han- 
dling of materials approximating 125 per cent. But 
because few jobs maintain full mixer efficiency this, 
as a rule, is easily within the capacity of the crane. 
But when materials are stock piled during the winter 
there is a 100 per cent unloading onto the stock piles, 
which then become so large that much of the material 
must be shifted once, sometimes twice, to get it to 
a point from which it can be placed in the loading 
hoppers. 

Winter stock piling, therefore, not only increases 
the cost of handling by the amount of the direct cost 
of unloading, together with such carrying charges as 
interest, loss of material (and stock-pile losses are 
considerable), etc., but also increases the subsequent 
cost of operation by reason of the fact that if produc- 
tion is well maintained the crane can not shift material 
and at the same time keep the hoppers filled. The 
result is that overtime operation must be resorted to 
in order to keep up the supply of material within reach 
of the hoppers. In view of these costs and the present 
outstanding dependability of rail delivery, material 
concessions in the price of aggregate or in the freight 
rate for winter delivery must be obtained to justify 
winter stock piling. 

The stock piling of aggregate at convenient points 
along the road, which is sometimes advocated, is also 
expensive. In the first place, it increases the truck 
time required to move the material to its place in the 
road. Thus, assuming the use of single-batch trucks 
and the most favorable placement of stock piles, the 
time required per load for the movement of materials 


to the stock piles may be represented by the formula: 
T (time per trip in minutes) =8d,+3, @) 


in which d, is the distance in miles from the unloading 
point to the stock pile and the constant 3 is the time, 
in minutes, required for loading (lower in this case 
than in standard operation because cement is not 
handled with the aggregate). ; 
ts For the subsequent delivery of the same materials 
to the mixer the time will be represented by the stand- 
ard formula: 

T=8d,+4, (2) 


in which d, is the distance from the stock pile to the 
mixer. The total time required to deliver a batch 
to the mixer will, therefore, be: 


As (d,+d:2) is not likely to be less than d, the direct- 
haul distance from the unloading point, and is often 
greater, the time as determined from equation 3 is not 


-likely to be less than 8¢+7, whereas the equation for 


the time required on direct haul from the unloading 
point to the mixer! is 


T=8d+4. (4) 


In some instances the opportunity to make fuller 
use of a limited truck supply, particularly under con- 
ditions involving unusually long haul, may be such as 
to justify stock piling along the road in spite of the 
extra hauling cost which this analysis shows to be 
involved, but as a general practice stock piling in this 
way can not be defended. 

In addition to the increased hauling cost this method 
has the same disadvantages as stock piling at the un- 
loading point—high material losses and high handling 
costs. Nor can these ordinarily be offset by any 
gains at other points. It is sometimes claimed that 
trucks can be loaded more heavily where materials are 
stock piled, but as they are now badly overloaded 
when hauling standard batches this argument is hardly 
to be countenanced. 


MODERN STEEL BINS PREFERRED TO HOMEMADE EQUIPMENT 


For handling materials some sort of bin or hopper 
must be used. The up-to-date contractor has very 
generally adopted some one of the better types of steel 
bins. These can be moved from job to job, and, as 
they last a relatively long time, become a part of the 
contractor’s regular equipment. The homemade bin 
is going out of use because the measuring devices which 
may be had with the steel bins are faster, more reliable, 
and much more accurate. The quicker the operation 
of the measuring device on the loading bin the less 
truck time is involved per trip. First-class modern 
measuring devices on good steel hoppers will measure 
and discharge a 5-bag batch (sand and gravel) in less 
than 15 seconds, as indicated by Table 2. As the 
old-fashioned homemade devices often take a minute 
or so to load the coarse aggregate and half that time to 
load the sand, the saving in truck time from the use of 
modern measuring devices more than offsets their 
ereater first cost. 





1 See the second of this series of articles, PUBLIC ROADS, vol. 6, No. 10, December, 
20. 


244 


TABLE 2.—Slop-watch readings of time required to load a 5-bag 
batch of sand and gravel from a modern batcher plant to single- 
batch trucks. 





| Batch 
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Time Time 
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Accuracy is a vital factor in producing first-class 
concrete. The right amount of material should be 
sent out every time. Homemade devices are, in 
general, definitely inaccurate. The better of the 
modern hoppers, on the other hand, measure very 
accurately; and there are now obtainable accurate 
and thoroughly practical weighing hoppers, and 
another device which measures the sand under water, 
a device by which the correct amount of sand and a 
constant water content are obtained by the same 
operation. 

Of these three systems for measuring aggregate the 
first. the determination of the batch by measurement, 
is the fastest. The sccond, however, is quite fast 
enough for all practical purposes, as the complete 
operation of weighing a batch and discharging it is 
commonly performed in from 40 to 45 seconds. No 
operation which can be consistently performed in 
under 114 minutes (the standard mixing cycle) need 
delay the mixer. On the other hand, every operation 
of this sort does add to the round-trip t'me of the 
trucks. But as the weighing can be done between 
the arrival of trucks, the use of the weighing device 
does not appreciably affect the trip time of single- 
batch trucks as compared with their trip time when the 
measuring device is used, though it does have a slight 
adverse effect on the trip time where two-batch or 
larger trucks are used. 

The device by which the sand is measured under 
water is not in common use on highway work. At 
present it has no particular advantage over the weigh- 
ing or usual measuring process except at central mixing 
plants; for, while it perhaps yields a slightly greater 
accuracy tn the determination of the sand content of 
the mix and a more uniform moisture content in the 
sand, neither is of much practical value and some 
rather serious difficulties attend the use of the device 
under ordinary field conditions. Accuracy in measure- 
ment is, of course, desirable, but the accuracy of the 
weighing process is such that, even with due allowance 
for variation in the water content of the sand, the error 
does not often exeeed 1 per cent, which is far below the 
margin of error in other and more important elements 
in paving work. 

A unitorm water content in the sand also is highly 
desirable, but can be of little practical value until the 
valves in the mixers are so improved that leakage as a 





common cause of irregularity in the water content ts 
eliminated. Moreover, the high water content in 
sand which has been measured in this way makes it 
difficult to handle the cement in the same transporta- 
tion units, and also increases the lag in discharging the 
skip at the mixer. 

The value of effective modern batch measuring or 
weighing devices may perhaps be more clearly shown 
by referring again to the fact that the homemade 
devices often require as much as a minute for charging 
a single batch of coarse aggregate and half that time 
for charging a single batch of sand. With no allowance 
for the truck time commonly required in getting from 
the coarse aggregate bin to the sand bin, the time 
required in loading these materials may, then, reach 14% 
minutes per batch, or if 40 batches are poured in an 
hour, to an hour’s truck time per mixer hour. As 
against this a well-designed modern measuring or weigh- 
ing device will discharge so quickly that in practice 
about all that a single-batch truck has to do is to come 
to a stop and then move off with the load, the next 
batch being measured or weighed in the interval 
between the loading of one truck and the arrival of 
the next. This does not, of course, reduce the time 
lost to zero, but it comes so close to it that in practice it 
may take less time to load single-batch trucks from a 
device of this sort than it does to move them from the 
coarse aggregate bin to the sand bin of a homemade 

lant. The saving in truck time which is to be had 
rom the use of a first-class loading device may, then, 
when operation at the mixer is at a rate as high as 40 
batches an hour, be equal to the full time of one single- 
batch truck. The saving when two-batch trucks are 
used is quite as important, but does not lend itself as 
easily to the method of presentation used here. This 
point should, however, be clear, that savings in truck 
time obtainable from the use of modern batch measur- 
ing or weighing devices are such as to amply justify 
their cost. 


PRESENT METHODS OF CEMENT HANDLING INEFFICIENT 


The most inefficient process on concrete paving jobs 
to-day is handling the cement. This is still al but 
universally conducted as a manual operation. Three 
methods are in common use. By the first the cement 
is brought to the job in separate trucks, where it is 
piled along the subgrade; by the second the proper 
number of unopened sacks are placed on top of the 
loaded material trucks or cars; and by the third 
method the proper number of sacks are emptied by 
hand into the trucks or whatever transportation units 
are used. Whether the sacks are emptied into the 
trucks at the cement house or at the mixer, or from the 
piles along the subgrade into the skip, the operation 
takes about a minute. If the sacks must be emptied 
on the truck at the mixer the slightest delay in per- 
forming this operation, as when a sack gets buried in 
the sand, delays the mixer. Similarly, when the sacks 
are dumped into the skip, if a truck is delayed the 
operation holds up the mixer, for most inspectors 
require that the cement be dumped upon the aggreate, 
refusing absolutely to permit dumping the aggregate 
upon the cement. Jn either case the loss of time at the 
mixer amounts to enough—a minute here and there 
throughout the day—so that contractors can well 
afford to consider more effective methods of handling 
this material. 
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The operations incident to laying a concrete pave- 
ment are such that perfection can ‘be secured on y as 
equipment and methods are perfected and men are 
thoroughly trained. Specifications do not ordinarily 
demand perfection. In general they are reasonable, 
and clearly indicate that all that is expected is work of 
reasonably attainable quality. Under such conditions 
the real test of a method or practice is not whether it is 
perfect, but whether in permitting it there is any real 
danger that the quality standard established by the 
specifications and maintained in other parts of the 
work will be jeopardized. A contractor ought to be 
permitted to handle his work expeditiously and eco- 
nomically in all of its particulars unless it can be shown 
that to handle it in this way will clearly result in a 
finished product which is below standard. The only 
sound method of determining this is to test any pro- 
posed practice in the field, and by so doing to ascertain 
whether it will produce a product measurably equal to 
that produced by the methods and practices in vogue. 

But whether the contractor’s view that the cement 
ought to be treated as part of the batch or the view that 


it is deserving of separate and very careful treatment.- 


prevails, the fact still remains that cement can be more 
efficiently handled than is customary at the present 
time. A number of solutions are possible. A belt con- 
veyer can be installed in the cement house at a reason- 
able cost to elevate the sacks to a point where the 
cement can be emptied into hoppers to be dropped by 
gravity into trucks provided, if need be, with special 
cement compartments. An installation of this sort 
recently viewed by the writer required only three men. 
Cement was trucked from the cars to the conveyer by 
one man, loaded on the conveyer by another, dumped 
into the hoppers and the hoppers discharged into the 
trucks by the third. This arrangement handled the 
cement successfully up to 225 sacks an hour, which 
was the greatest demand made upon it. Rather close 
observation of the work done indicated, however, that 
it could have met without difficulty the full production 
demand of 240 bags an hour required for 48 batches 
an hour. 

Nor is there any reason to suppose that hoppers 
aqme with weighing batch boxes can not be readily 
adapted to this purpose. If this were done some, at 
least, of the objections to the shipment of cement in 
bulk would be overcome. Doubtless other mechanical 
methods of dealing with the cement problem will be 
developed, but however this may be, the fact that 
handling cement now commonly requires about twice 
as Many men as are used in handling five to seven 
times the weight of aggregate indicates something of 
the opportunity which there is for saving labor at this 
point in the paving contractor’s work. 

A development of the cement-handling problem 
such as was used in discussing batch measuring and 
weighing devices would show that at present the truck 
time involved in handling the cement is about a 
minute where single-batch trucks are used. To cut 
this in half would save 20 minutes of truck time per 
hour if the pouring rate is 40 batches an hour. The 
belt-conveyer system referred to above required three 
men as against the five to six commonly employed about 
the cement house. The saving possible from the 
device described above is, then, the total time of two 
men, in some cases three, and at least one-third of the 
time of one truck. This is quite sufficient to cover the 
operating cost of the equipment involved, depreciation, 
interest, etc., and leave a profit for the contractor. 


_ Summarizing the points in regard to material hand- 
ling which have been touched on above one thing in 
particular deserves emphasis, namely, that if full pro- 
duction is to be secured no one of the loading operations 
can be so complicated that the time needed in perform- 
ing it takes over 1144 minutes without making this the 
pace setter for the job. A homemade bin that is so 
poorly constructed that 1144 minutes are required in 
loading stone cuts production to 40 batches an hour. 
A cumbersome method of handling cement may have 
the same result. A crane so poorly operated that it 
can not get a batch into the loading bin every 114 min- 
utes has the same effect. There is here, then, a sound 
basis for urging that the best of equipment and the best 
methods be used in the material yards. On the other 
hand, every minute saved in performing a service opera- 
tion such as these also increases the efficiency obtain- 
able from the transportation equipment, which of itself 
is animportant item. But when cumbersome methods 
reach so far that they reduce the output at the mixer 
regardless of the transportation available, their cost 
mounts so sharply that, if competition is keen, no con- 
tractor using them can hope to remain long in the 
business. 


FORM SETTING AND SUBGRADE PREPARATION 


Preparing the subgrade and setting the forms are 
operations which, in general, do not much interfere 
with production. Form setting is a manual operation. 
This is difficult to avoid, as great accuracy is impera- 
tive, a satisfactory surface finish being next to impossi- 
ble of attainment if the forms are carelessly or inaccu- 
rately set. Inaccuracy in maintaining the distance 
between the forms may also cause trouble in the opera- 
tion of the finishing machine. If the spacing of the 
forms is wide the wheels bind, if too narrow the finish- 
ing machine will run off. 

The form setting has been found occasionally to in- 
terfere with production because of an inadequate sup- 
ply of forms, but in such cases the remedy is obvious. 
Specifications commonly require that forms be left in 
Pp ace 24 hours. It is good practice to set each day the 
ength of form to be used the next. This requires a 
minimum of twice the daily run, and as a fair margin is 
always desirable, a form supply of from two and one- 
half to three times the daily run is apt to prove helpful. 

A few years ago finishing the subgrade was almost 
entirely a manual operation. To-day it is almost as 
completely a mechanical operation. Unfortunately, 
however, it has not been standardized. There are, for 
instance, regions where heavy rolling is an absolute re- 
quirement. It matters not at all that the rolling 
works the subgrade as kneading does putty until it 
becomes unstable and trucks sink almost to their hubs. 
The rolling is still insisted upon. There are other 
regions where heavy rollers are not permitted on the 
job. Other differences in the treatment of this out- 
standing important element could be noted, but there 
is no reason for doing so, as the purpose is merely to 
suggest that the fact of such wide variations in the 
treatment of the subgrade indicates a lack of real infor- 
mation concerning what ought to be done to place it in 
the best condition. To the contractor, however, this 
difference in specified practices is of more importance, 
for it is a matter of practical experience with him that 
the men he has trained to prepare subgrade satisfac- 
torily in one State must be retrained in the next—per- 
haps even in the next district or the next county. This, 
of course, slows up operations and increases costs. 
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But whatever the methods required in finishing the 
subgrade one modification should be made in dealing 
with it. It is the common practice to set grade stakes 
and to finish the subgrade, if this is done some time in 
advance of surfacing, to the bottom of the concrete 
paving at the crown. As a result, the whole operation 
of shaping the subgrade for the concrete slab is one of 
trenching. The process is expensive, for, while the 
quantities handled are small, the blade graders used 
for this purpose carry the cuttings toward the. center 
of the road from which point they must be removed to 
the shoulders by slip or by fresno. The net result is 
a triple handling ky this material. First, when the 
grade is built; second, by the blade in cutting it out 
and throwing it to the center of the road; and third, 
when it is dragged to the shoulders. It would much 
simplify this operation if the subgrade were staked to 
a mean point so calculated that the cuttings from the 
edge (including the take out for setting the forms) 
would just make the crown at the center. This 
practice would lend itself readily to the mechanical 
methods now in common use in finishing the subgrade 
and should be in the interest of economy, for, while a 
little shoulder material would have to be brought in 
during the final clean up, this could hardly cost as 
much as it now costs to move this same amount of 
material three times. 

It is appreciated, of course, that the defense of the 
present practice les in an assumption that cutting 
away material as described above leaves a more 
uniform subgrade condition than could otherwise be 
attained. If the cutting process were or could be 
accurately accomplished there would be much merit 
in this assumption. The fact is, however, that it is 
not accurately done and in the nature of the case can 
not be with the tools now available. The blade leaves 
many high spots and takes out many areas below grade. 
As a vesult the only certain results of this practice are 
a more or less uneven compaction of the surface of the 
subgrade and a needlessly high cost of operation. 


SUBGRADE PRACTICE RECOMMENDED 


Where specifications will permit the following prac- 
tices, the fastest and cheapest method of finishing the 
subgrade is the one described below, which, except as 
to item 1, is in use in a number of places in the Middle 

est. 

1. Rough grade to mean elevation as described 
above. Ordinarily a shrinkage factor is allowed when 
subgrades are laid down in advance of paving, and as 
this seldom proves to be correct some additional rough 
grading is likely to be required. 

2. With blade, cut slope for extra edge thickness of 
pavement, cutting wide enough to provide for setting 
the forms. 

3. Trim out for and set forms by hand. 

4. Blade material for crown to approximately its 
final position in the center of the road. 

5. Searify subgrade thoroughly to at least 2 inches 
below the finished grade. 

6. Cut subgrade to exact shape with standard sub- 
grader pulling the machine at least twice to insure a 
good job. For this work, set the blades from one- 
quarter to one-half inch high as experience in the parti- 
cular soil dictates. Roll lightly with a light (1% to 
3 tons) roller. Pull subgrader after rolling with blades 
set to correct elevation. 


7. Back of mixer drag a modern fine finisher to 
insure that distortion subsequent to preparation of 
subgrade is eliminated. If the subgrade is of clay or 
similar material and has been repacked by the trucks, 
sprinkle heavily under the mixer and on any high spots 
to facilitate cutting and if the finisher still rides high 
have four or five men stand on it while it is being 
pulled ahead by the mixer. 

These operations are about as completely mechanical 
as they can be made at present, are simple and direct, 
involve the least possible rehandling of material, and 
result in a subgrade as perfectly shaped as it is now 
possible to attain on a commercial scale. The one 
objection likely to be raised is that the scarifying 
process produces a loose layer under the pavement. 
Admittedly this is true. Indeed, the process produces 
a condition quite different from that secured when 
heavy rolling is required. Extended observation of 
the use of heavy rollers, however, leaves the impression 
that where they are used either the actual cross section 
only roughly approaches that called for on the plans or, 
and this is probably of much more importance, the 
tendency is to secure regularity in the final treatment of 
the cross section by cutting off high spots and filling 
low spots with the cuttings which are not thereafter 
as fully compacted as in their first placement. The 


‘result is a succession of hard spots and loose areas— 


not a satisfactory bed on which to place an expensive 
surfacing. The method outlined above does not wholly 
correct this difficulty, but its general effect is to procure 
a more uniform degree of compaction beneath the 
entire pavement and to produce a condition wherein 
the effect of filling areas that are a little low is more 
nearly in keeping with the general condition of the 
subgrade. 

To the contractor an even and exact finish of the 
subgrade is an important consideration. If he is 
required to give at least the depth of pavement called 
for on the plans, as he should be, he ought to be per- 
mitted to so handle his subgrade that he will give no 
more, providing this is possible without endangering 
the structural integrity of the payment. It is, of 
course, equally true that if practices are required which 
make the cost of filling iis places with subgrade 
materials as great as or greater than the cost of filling 
them with concrete, then the permission to fill them has 
no practical value. When the use of a heavy roller is 
specified for the final compaction of the subgrade, a 
practical solution of this problem of securing a true 
surface at exact grade at all points is almost an im- 
possibility. But where the method suggested above is 
used, no such trouble exists, and the contractor is 
able to give a full depth of pavement and at the same 
time avoid the use of any considerable excess of ma- 
terials, which is an important consideration, as a con- 
sistent overrun in quantities—even if it amounts only 
to 2 or 3 per cent——has an important adverse effect on 
profit. 





TWO-INCH PIPE LINE MUST GO 


The absolute dependence of production on an 
effective material supply has been emphasized through- 
out this series of tele ek The water used in mixing-— ° 
and in curing as well—is as truly one of the materials 
as are cement and stone. With the water as with 
the stone,or the sand, methods of handling and means 
of delivery are vital factors in efficiency. Only one 
system of handling water is in common use to-day. 
It is pumped through a pipe line laid along the right of 
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way to the mixer. In the common practice provision full protection of the pavement is most required, they 
is made at regular intervals—generally 200 to 300 must be considered the governing rates. 
feet—for taking water from the pipe line, and a hose _ Finally, contractors properly prefer to conduct all 
connection is used to feed the mixer. These hose their operations simultaneously. For that reason, 
connections are also used to obtain water for sprinkling though night sprinkling may at times be practiced, 
and for any other job requirements. A study of the the contractor generally desires to attend to it during 
“lost time”’ on the job ? mill show that the timelost asa the day as the work is then under the observation of 
result of trouble with the water supply is rather a his regular foremen. The inspector also has a better 
large item. There is then, ample justification for an grasp on the situation if it is done at that time, and, of 
analysis of the methods and the equipment in use, course, during very dry weather a night wetting is not 
for it is quite as essential that the water supply equip- sufficient to keep the pavement moist throughout the 
ment shall be adequate as that the truck supply shall following day. It is, therefore, proper to view the 
be adequate. Probably from the engineering stand- pavement-curing eae as one which under full pro- 
point it is more important, for, while production is duction may involve the daidy delivery of from 40,000 
somewhat affected by current practices, quality proba- to 60,000 gallons of water in addition to mixer require- 
bly is more affected. ments and even under normal current production 
Basically, the water trouble on almost all concrete standards the daily delivery of from 30,000 to 40,000 
jobs to-day is inadequate water delivery facilities. gallons of water in excess of mixer requirements. 
With full production, a batch is produced every one As shown above, full production at the mixer re- 
and one-fourth minutes. Few jobs, it is true, maintain quires for mixing the conerete a somewhat variable 
this rate consistently over any extended period, but a amount not ordinarily exceeding 15,000 gallons per 
good many reach it not infrequently for a few minutes day. For current high rates of production at the 
at a time. This rate, then, sets the water delivery mixer the requirement of the mixer seldom exceeds 
rate. At least one-fourth minute is required in dis- 12,000 gallons a day (10 hours). To these amounts 
charging the measuring tank. A full minute is, there- there must be added a somewhat variable amount for 
fore, all that can be allowed for the delivery of the wetting down the subgrade. It is therefore apparent 
water for a batch of concrete. A 1-inch slump nor- that while a pump capable of delivering 100 gallons 
mally requires between 5 and 6 gallons of water per per minute has sufficient capacity to meet all needs 
bag of cement—roughly 30 gallons per standard batch that will ordinarily arise until the production of 18- 
which, under the assumptions made above, is equiva- foot pavement exceeds 750 feet a day, it is apt, at 
lent to 30 gallons a minute. In addition to this, times, to prove inadequate where more than this amount 
water is required for curing. With full production and of pavement is being produced unless it is worked a 
a 10-day curing period it will be necessary continually few hours overtime. 
to provide for curing nearly 2 miles or about 20,000 | One thing, however, must be emphasized—namely, 
square yards of paving. Rates of production as high the adequacy of the pumping plant depends absolutely 
as this are rare, but rates of production ‘which will on the use of a pipe line of such size that the pressure 
require the proper care of at least 15,000 square yards head will always be within the limits for which the 
of paving though not the rule are not uncommon. To pump is designed. There are vital differences between 
cure concrete properly requires chat the earth covering a pump designed to deliver 100 gallons a minute 
shall be kept moist—not merely that it shall be against a pressure head of 100 pounds and one designed 
wet down once in a while; and rates of evaporation to deliver at the same rate against a pressure head of 
from loose soil, such as that used for covering the 400 pounds. This raises the question as to what 
pavement during the curing period, are high. In fact, pressure head is required in delivering water. ‘Table 3 
the evaporation from such soil when the temperature is gives the pressure ee in pounds for various rates of 
high, the humidity low, and a brisk breeze is blowing— delivery in gallons per minute, per mile of common 
typical summer conditions over the greater part of the iron pipe such as is generally used on paving jobs and 
United States—will often exceed one-third of an inch while the pipe is in fair condition. As the pipe becomes 
Po day and may even exceed a half inch, equivalent to somewhat battered, twisted, and rusty with use, the 
rom 2 to 38 gallons per square yard of pavement. pressure head required to force water through it will 
These are, of course, the highest rates of evaporation increase so that, in a general way, the figures given are 
likely to be met but as it is at just these times that minimum figures, which may be exceeded somewhat 
-— after the pipe has been in use a few years. 





2 See PuBLIC Roaps, vol. 6, No. 9, Nov., 1925, p. 198, Table 3. 


TABLE 3.—Pressure required at pump for each mile of pipe line to secure desired discharge, through 2, 214, and 8 inch ordinary iron pipe! 


I! 
| 





Number of gallons to be pumped per minute, or per 10-hour day 





























——_—_——- ———_—— i ts x i, aime. mii 
= : 20 ees 30: 8 40 | 45 50 60 ; 70 80 9 , 100 . 110 120 
Diameter of pipe 12,000. 15,000 | 18,000 , 21,000 | 24,000 | 27,000 | 30,000 36,000 42,000 48, 000 | 54,000 60,000 66,000 72, 000 

| | i ' \ 
Pressure required at pump, pounds per square inch 
‘ a a } if ' : ae | = ~ - | oe me ame | emma 

OMMGNOS.. ose S 42 62 88 | 117 | 151 188 | 227 | 318 421 543 | 673 820 | 982 | 1, 145 

OU AINCHCSMe 288 14 21 30 39 50 62 6 106 142 181 224 275 30 | 385 

Oe 6 9 12 | 16 | 21 26 | 32 44 59 | 75 i 93 - 114 137 | 161 





1 Based on Williams and Hazen’s hydraulic tables. 


NotEe.—To obtain the total pressure against which the pump must work, multiply the figures given in the table beneath the desired gallons per minute and opposite 
the desired diameter of pipe by the total length of the pipe line in miles and then add to this product the figures obtained by multiplying the use of the pipe line in feet 
from the pump to the discharge end by 0.434. 
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The pressures given in the table are the number of 
pounds, as read on the gauge at the pump, which be 
required to deliver the stated number of gallons per 
minute at the outflow end of a pipe line 1 mile long. 
Thus, if 50 gallons per minute are required and a 2- 
inch pipeamile longis to beused, the gaugeat the pump 
must be run up to 227 pounds. If 100 gallons are 
desired 1 mile from the pump and a 2-inch line is used, 
the gauge pressure at the pump must be run up to 
820 pounds, and if this rate of delivery were required 
3 miles from the pump the gauge pressure would have 
to be run up to 2,400 pounds. Of course, neither 
ordinary pipe nor ordinary pumps will stand any such 
pressures. The point, however, is that here is the 
explanation of the poor water supply so common on 
paving jobs to-day. Contractors are attempting the 
impossible. A fully adequate water supply for maxi- 
mum requirements simply can not be driven through a 
2-inch pipe 2 or 3 miles long. If the pump were strong 
enough to do it, the pipe would not stand it. The 
remedy lies in a larger pipe. One hundred gallons of 
water per minute can be driven through nearly 2 
miles of 3-inch pipe with the same gauge pressure— 
i. e., the same effort on the part of the pump—which is 
required to drive it one-quarter mile through a 2-inch 


pipe. 

With no other consideration than the water supply 
for the mixer, contractors could well afford to use 3- 
inch pipe, for its use would result in a water delivery 
at a pressure far less destructive of pumps, line, hose, 
mixer valves, etc. The added cost of pumping enough 
for adequate curing and, subgrade sprinkling would be 
so shght that the problem would cease to be trouble- 
some, and there would probably be much less demand 
for permission to use chemicals as curing agents. 
Three-inch pipe costs about twice as much as 2-inch 
pipe. The change to the larger size is not, therefore, 
prohibitively expensive and, as suggested above, delays 
due to a poor water supply would be of such reduced 
importance as probably to much more than offset the 
extra outlay. 

In addition to reducing lost time at the mixer, the 
installation of the 3-inch pipe would permit the use of 
relief valves which would protect the pipe line, hose, 
and mixer valves against excessive pressure. Gauges 
should also be installed at the pump, and instead of 
eee pumps to run wide open their speed should 

e controlled according to the rate of delivery de- 
sired and the distance this delivery must be pumped. 
Thus, as an illustration, if the maximum water re- 
quirement is 60 gallons per minute through 2 miles 
of 3-inch pipe line, the pumping engine should be cut 
down to a speed which will produce a pressure of about 
150 pounds at this delivery. The relief valve at the 
pump should then be set at slightly above this pres- 
sure, while the relief valve at the mixer might be set 
at 50 pounds or even less. This practice saves wear 
and tear on the pump and tends to avoid the break 
downs which occur most frequently when machines 
operate close to or above at capacity. 

The conclusion is that contractors should abandon 
the 2-inch pipe line and that engineers drawing speci- 
fications for paving work, if water is to be used in 
curing the pavement and wetting the subgrade, should 
_ the same attention to insuring adequate pipe 
ines that is given to the equipment question in other 
phases of the work. 


SUBGRADE TRIMMING DELAYS EASILY AVOIDED 


The operations incident to the final fine finishing of 
the subgrade are performed after the mixer is moved 
and before concrete is placed. At this time the 
parting strip is placed, if one is used, and the reinforcing 
laid. Transverse joints are also placed at this time. 
These operations may take considerable time* and so 
they sometimes hold up the mixer. A very simple 
expedient will avoid such delays. The boom on the 
mixer is about 20 feet long. Where these operations 
take up more time than can be had while a single batch 
is being mixed, it is good practice to move after every 
fourth batch. Four 5-bag batches will lay about 9 
feet of pavement of standard 18-foot, thickened-edge 
section. Each move should, therefore, cover a dis- 
tance of about 9 feet, and the move should leave the 
end of the boom as near the end of the last strip as 
possible. By proceeding in this manner, there always 
will be when the move is completed a strip of proper 
length (about 9 feet) at the end of the boom on which 
all finishing operations are completed, steel laid, 
parting strip and transverse joint in place, and a 10 to 
12 foot space in which to work on the preparation of 
these items preparatory to the next move. This 
method, under full production, allows five minutes for 
final subgrading, laying reinforcing steel, parting 
strip, and setting transverse joint, which is a sufficient 
lenght of time if the men are well trained and the 
inspection is reasonable. 

Ordinarily there is little trouble about the reinforcing 
steel or the final fine finish of the subgrade, but the 
parting strip is the source of a good deal of trouble. 
The cause may be traced generally to the fact that the 
inspector wants the parting strip set on an absolutely 
straight line, whereas the specifications commonly 
permit the use of a parting strip which is so thin that 
this becomes practically impossible of attainment. A 
more rational treatment of this matter, particularly 
where a finished center joint is used, would be a some- 
what heavier parting strip, set slightly below the 
surface, capped with a fairly heavy removable crown 
strip, the joints of the latter being so spaced as not to 
fall on the parting strip joints. If, then, a good gauge 
is used in setting the parting strip, straight alignment 
can be secured. 

Neither the organization of the finishing operations 
nor the equipment are the source of much, if any, 
reduction in output. They can, however, be con- 
ducted more efficiently. Such losses as result from 
materials pushed over the forms or otherwise spilled or 
wasted can be eliminated. They result from poor 
dumping and do not occur where there is a first-class 
mixer operator and a good operator on the finishing 
machine. 

When the concrete is deposited on the subgrade it 
may be merely dumped in a pile, or it may be roughly 
spread, or, if the mixer operator really knows his 
business, it may be placed so nearly in correct position 
that it needs almost no attention from the puddlers. 
In case concrete of proper consistency is merely 
dumped, four puddlers will be worked almost to 
exhaustion to get it into position for the finishing 
machine; if a fair effort is made to spread the concrete, 
three men can do the work of puddling rather more 
easily than four will do it if no effort is made to spread 
it. If the mixer operator is a real expert he can place 
the concrete so well that two men will find it easy to 
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handle the work of puddling. One could, in fact, do 
all the work if it were not for the necessity of running 
back and forth across the pavement in spading forms, 
looking after the requirements of the finisher, etc. 
This not only serves to Ulustrate in another way the 
value of a good mixer operator, but what is of more 
importance, the value of complete and detailed training 
of operatives with a view to making the correct per- 
formance of one operation facilitate the correct per- 
formance of another. If the concrete is properly 
placed by the mixer operator, the labor of preparing it 
for the finisher is reduced. If it is uniformly mixed to 
the proper consistency, the work required in producing 
a, proper surface is reduced. More illustration would 
serve only to add emphasis to the fact, outstandingly 
true of concrete paving work, that the total labor 
requirement is visibly affected by the study given to the 
perfection of methods, as well as to how the performance 
of one operation affects the labor requirements of 
another. Whether the men are trained to perform the 
various operations correctly or left to work out their 
own ideas as to how each specific task should be 


erformed also affects the amount of labor required.. 


here no attention is given to these matters, it ma 

still be possible to get high production—even full 
production—but this will be attended by the use of 
a good deal of extralabor. In any effort to secure high 
efficiency, it is necessary to go beyond the mere question 
of production and ascertain whether this production is 
arrived at through carefully studied processes which 
reduce the work to be done to a minimum or merely 
through the use of excessive labor and equipment. 


THE FINISHING METHOD 


Back of the puddlers, the concrete is put into shape 
by a finishing machine. These are of two general 
types—the tamping finishers and the sliding finishers. 
Both do good work, but as the sliding machines are 
substantially built, work quietly, and, on the whole, 
require less effort on the part of the puddlers they have 
proved very popular. Moreover, if the consistency of 
the concrete is correct and uniform these machines will 
det a a surface so accurate that one man with a long- 

andled float can do all the necessary finishing and 
check the work with a 10-foot straightedge, calling on 
one of the other laborers to help when the belt is to be 
pulled. This is the simplest finish which has been 
observed, the cheapest, and so fast that it need never 
lag a half hour behind the mixer. Moreover, it not 
only produces a very smooth pavement but does so 
without that long-continued working of the surface 
incident to some systems of finishing, which is at least 
in part responsible for scaling. 

Here again there is an illustration of the correlation 
of effort necessary in order to produce a high-class 
product expeditiously. The success of this method 
and the economy it makes possible depend on two 
things—a proper consistency (about 1-inch slump) 
and uniformity in consistency. Without these the 
method fails. Incidentally, it may be remarked that 
contractors often object to a dry mix on the ground 
that it is hard to handle. This is not necessarily the 
case, but often seems to be so because a better mixer 
operator is required to handle the dry batch properly, 
and if it is not properly handled a large amount of 
extra work for the puddlers does result. The con- 
sistency is therefore criticized though in fact the mixer 
operator rather than the mix is at fault. What the con- 


tractor quite generally overlooks is that even if some 
extra work is thrown onto the puddlers, this is more 
than made up in faster and easier finishing, fur where 
a wet concrete is used the finishing is slow and it 
becomes a difficult matter to secure a smooth surface. 
There is also trouble when some batches are wet and 
some dry. The wet batches settle a little while the 
dry batches (1-inch slump) do not settle appreciably 
after they are finished. The result is that direct set- 
tlement and the tendency of the wet concrete to flow 
after it is placed make it necessary to correct certain 
irregularities in the surface finish which do not appear 
at all when a conerete of proper and uniform consistency 
is used. This is outstandingly true on grades. If the 
consistency is right the tendency to flow ceases to be 
a problem. 
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Fig. 1.—Material removed in cleaning out mixer. Some of the blades were not 
visible when cleaning out was started 


The above deal with some of the more important 
aspects of the work of the various component parts of 
a paving organization. Before turning to a discussion 
of what constitutes a proper personnel and equipment 
for a paving organization—matters that will be dis- 
cussed in the next article—comment may be made on 
a few observed conditions as they affect concrete paving 
work. The first of these is that manufacturers woulc 
do well to inform contractors more fully concerning 
the spare parts which ought to be kept on hand. 
Ordinarily, a high percentage of all repairs involve a 
relatively small number of parts. On some types of 
mixers the cables break often. On cranes the cables 
and the sheaves usually give trouble. These are merely 
illustrative. Every manufacturer has records which 
show, or can be made to show, just what parts are 
most likely to cause trouble, and he can, if he will, tell 
the contractor who buys his machine which parts he 
ought to carry on hand as insurance against delay in 
case of a breakdown. 

There is no machine on the market to-day so consist- 
ently designed that it will wear out without break- 
downs, even if operated under ideal conditions, to say 
nothing of the conditions under which its work will 
actually be performed. Therefore, in the interest of 
reducing those delays due to breakdowns which are 
known by manufacturers to be of relatively common 
occurrence, they could greatly assist contractors by pre- 
paring a list of the spare parts which, in the contrac- 
tor’s own interest, should be on the job at all times. It 
should be remembered that on work of this kind the 
saving of an hour’s mixer time, which would otherwise 
be lost waiting for repair parts, will ordinarily pay in- 
terest charges on a $500 investment in spare parts. 
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But the contractor can select these parts intelligently 
only after years of experience. The manufacturer is 
always a better judge of what parts should be on hand. 
His records form a sound basis for his judgment. He 
should, therefore, look to this matter as carefully as 
to the original sale. Nor should he feel that an ad- 
mission that repair parts are likely to be necessary will 
injure sales. Every contractor knows that equipment 
will break down and the assistance to be had from a 
really well-selected list of spare parts would much more 
ptobably be accepted as a valuable service. 

Another matter of general application is thaé the 
quality of the concrete is affected by the efficiency with 
which it is mixed. Omitting from consideration here 
the relative efficiency of the various types of mixers, 
the fact remains that a good deal of concrete of re- 
duced quality is being produced through the use of 
mixers in which the blades have become badly worn or 
which have accumulated so much concrete on the in- 
side of the drum that the mixing is poorly done. Fig- 
ure 1 shows the material removed from such a mixer. 
In this particular case some of the blades were com- 
pletely buried when the clean out was started. 

In addition to accumulations in the mixer, accumu- 
lations all over the outside of the mixer are the rule 
rather than the exception. The contractor, who rides 
to work every morning in a well-kept car, allows his 
mixer, worth two or three times as much, to go un- 
cleaned for weeks at a time. ‘This is regretable, for, 
though neither the mixer nor any of the other equip- 
ment is as fine looking as the car, its proper care is 
quite as essential and the longer life that may be ex- 
pected to result from such care is likely to more than 
repay its cost. 


BETTER SUPERINTENDENCE THE PRIMARY NEED 


Another matter that should be noted is that in all 
of these studies the objective has been a determina- 
tion of what causes interfere with securing a full out- 
put while the mixer is working. There is also a series 
of causes affecting the number of hours worked that 
is not treated in this series of articles. It is commonly 
presumed that the effect of these causes of lost time is 
unavoidable, but the experience which the bureau’s 
representatives have had in applying the data which 
has been secured in these studies in improving pro- 
duction has seemed to indicate that while many of 
the delays resulting from these causes are unavoidable 
some of them are not. This matter will be left for 
further discussion when more data are obtained. 


Finally, the discussion of the causes affecting produc- 
tion would be incomplete without at least a brief men- 
tion of superintendence. Any construction operation 
divides itself naturally into at least three fields. There 
is first what may be termed the labor field—the work 
which must be done and its immediate direction. 
This field is occupied by common labor and skilled 
labor of various kinds and is directed by the’ various 
foremen. The next generally recognized field in- 
volves the business side of the work. This covers 
getting the work, handling the financing, and looking 
after the purchase of materials, securing labor, etc., 
in short, whatever business transactions are involved. 
The third field covers planning the work in its various 
aspects, studying methods, keeping the various opera- 
tions in balance; in short, all matters that make for a 
more efficient conversion of raw materials into the 
finished product. This is superintendence. The dif- 
ficulty in securing competent superintendence seems 
to be that the position really requires a combination of 
engineering training, vigorous, aggressive ability to 
handle men, intimate knowledge of the practical side 
of construction work, and courage to put into effect 
new ideas when it is known that these are right. That 
there is real profit to be had from employing an able 
superintendent may be seen from the fact that on a job 
where a superintendent meeting these requirements 
was employed the production of the single 5-bag paver 
in use averaged 95 feet of 18-foot slab an hour durin 
the nearly 23 days (of 10 hours) it was possible to work 
during the month of July and that during a week’s 
study in August production averaged a little over 100 
feet an hour. 

While the delays that have been discussed in this 
series of articles are the immediate cause of low pro- 
duction, the conclusion is unavoidable that most of 
them would long since have been greatly reduced if 
more attention had been given by contractors to 
securing really competent superintendents. Asamatter 
of fact, superintendency is really an engineering field 
and young engineers who possess the proper qualifica- 
tions would do well to consider the opportunities that 
this field offers. Contractors also might do well to 
consider more seriously the advisability of securing, 
even at some temporary financial sacrifice to themselves, 
men who are technically and mentally fitted to meet ade- 
quately the real responsiblities of superintendency. 
For at present it does not appear probable that most 
road construction work will be raised to that degree of 
efficiency which is reasonably possible until better men 
are more generally employed as superintendents. 
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PROTECTION OF CONCRETE AGAINST ALKALI 


CONTINUATION OF TESTS BY BUREAU OF PUBLIC ROADS ON TREATMENT OF CONCRETE WITH TARS 
AND PARAFFIN 


Reported by E. C. E. LORD, Petrographer, United States Bureau of Public Roads 


N AN earlier publication on the protective effect of 
tar and paraffin on concrete, the results of tests 
covering a period of approximately one year were 

recorded.!. These investigations have been continued 
during the succeeding year and a summary of the 
results thus far obtained is given in the present report. 

The method of treatment has been described in 
detail in the earlier publication and is, therefore, only 
briefly reviewed in the following: 

Portland cement concrete cylinders (4 by 6 inches) 
were made up to normal consistency with Potomac 
River sand and gravel and graded in the proportions 
1:14:38, 1:2:4 and 1:3:6 and cured for 28 days in 
damp sand and about four weeks in dry air. The cylin- 
ders were all treated in batches of four each, some 
receiving 6 and 10 coats of water-gas tar alone while 
one batch from each mix was painted with 10 coats of 
water-gas tar followed by a seal coat of heavy coal 
tar cut back to working consistency with solvent 
naptha. The paraffin treatment consisted in immers- 
ing the test specimens of each mix for 24 hours in a 
20 per cent paraffin-kerosene solution at about 80° F. 
and applying 4 coats of the same solution after 
the cylinders had dried out for one week. In one 
instance (1:2:4) the paint coats were omitted. 

Two batches from each mix were left untreated as 
checks, one to be stored in alkali solution and the 
other in tap water. 

The physical properties of the tars employed are 
given in Table 1. 


TaBLE 1,—Properties of tars 





Water-gas tar Coal tar 





General characteristics.........-..--- 
Specific gravity (25° C.)...-....-..-. 
Speci chvascosltv. ...-2--s-cs-s-222 
INGE HER (CDA CS SA a ea eee 
Fetayileyant Taye jorey en, (COS CG) \s ae er 3 eg 
Total bitumen soluble in CS2....--.- 96.99 per cent._..--...--- 
INGE il a Sa OraUPemcentes 2. ese 
O'05 percent=s---=-----.2 
2 -OG)DeMCenben=-.o...225- 


.| Sticky semisolid. 
1.258. 


694 sec. 
45 


74.22 per cent. 
25.62 per cent. 
0.16 per cent. 
19.0 per cent. 

81.0 per cent (solid). 
solid). 
Specific gravity of distillate (25° C.)._| 0.956 











EXPOSURE TESTS 


All samples were weighed before and after treat- 
ment, and stored, four each, in porcelain-lined, covered 
cans containing 6,000 cubic centimeters of a 3 per cent 
sodium-magesium sulphate solution. This solution was 
frequently renewed and the test specimens removed at 
weekly, monthly, and trimonthly periods and allowed 
ih one out for 48 hours before returning to the alkali 

ath. 

At the end of the two years all samples were removed 
from the solution, weighed, and allowed to dry out for 
10 days in the laboratory when approximately constant 
weight was obtained. The difference between this 
weight and that immediately after removal from the 


1 Protection of Concrete Against Alkali, PUBLIC Roaps, vol. 5, No.3, May, 1924. 


- finally of calcic sulphoaluminate. 


bath indicated capillary or absorbed moisture, while the 
original weight before immersion deducted from that 
after immersion and drying represented the quantity 
of secondary salts formed during the test period. These 
secondary salts together with the lime dissolved from 
the test specimens during the period of immersion, as 
well as insoluble residues found in the cans, served as 
a measure of alkali attack. 

During the early stages of the investigations it was 
noted that the lime dissolved from the untreated test 
specimens gradually decreased in quantity until after 
a period of about three months it was entirely removed 
from solution. This loss in lime was accompanied by 
the loss of an equivalent amount of magnesia and by the 
formation of carbonates of lime and magnesia, and 
It may be a matter 
of interest to state that the latter salt was found only 
as @ precipitate in the cans and not in the concrete itself, 
thus indicating that the failure of concrete under the 
present test conditions must be attributed to other 
agencies. In the present instance the destructive com- 
pounds have been found to be magnesium hydrate and 
gypsum which are formed immediately when free lime, 
developed in the cement on setting, is brought in con- 
tact with solutions containing magnesium sulphate. 
This was found to be especially noticeable in imper- 
fectly seasoned concrete, where the colloidal magnesium 
hydrate and gypsum crystals forming in the body of the 
concrete caused within three months sufficient volume 
change to rupture the specimens. In well-seasoned 
concrete, on the other hand, the formation of calcium 
carbonate during the curing period retarded the en- 
trance of dissolved salts thereby reducing the potency 
of alkali attack. 

‘ In this connection it may be of interest to refer briefly 
to the chemical reactions taking place under the present 
test conditions. Free lime developed in the cement on 
setting combines with magnesium sulphate to form 
gypsum and magnesium hydrate. The latter salt 
takes up CO, from the solution and is converted to 
magnesium carbonate and finally to bicarbonate, which 
passes into solution and reacts with gypsum to form 
magnesium sulphate and calcium bicarbonate. The 
latter salt is unstable in solutions containing magnesium 
carbonate and is precipitated as normal carbonate of 
lime or calcite. 

At the end of the two-year period the untreated test 
specimens were found to be incrustated with carbonate 
of lime and magnesia, but showed no marked indica- 
tion of failure through alkali attack. Jor this reason 
it was considered advisable to postpone physical tests 
on all samples until decided evidence of failure occurred. 


RESULTS OF TESTS 


The tests thus far carried out are of a chemical nature 
and serve to indicate, through gain in weight by accum- 
ulation of secondary salts and absorbed moisture and 
loss of soluble material, the extent of alkali attack, as 
well as the degree of protection offered by the various 
treatments. 
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Tape 2.—Action of alkali solution on concrete treated with tar and paraffin after two years’ exposure 


_ Mix ! Treatment 
1 
TL EPUNGSS | |i ieaiie eee tees ee. cic 2 3 Se eee ere oases 
2 1:14 | Gieaatsuwaioneceasibat.- 22>... 5 eee ee es ae eae eens 
3  1:146:3 | lOseoats*wetenmeasitar__.-...._.-- 222-5. ee = = ae = 5 = --+----- 
4 1 | Wicoats: watemgasitar: 1 couticoalitar..----2.-.---...2.-.--.---.-s- ! 
ce il 2d hours in paseitinesOluvione == = -2522- 222 55----------ssseces-- 
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oo 
ee 
Seno te os oa aaa AR res 








| 24 hours in parafiin: 4 coats of parafim.......-.-.....-------------- 
Witrinem@eod. Se a ee eee eee een « Pei oe eae 
6 eeabe WALI SASttAl sex... - ser semneeeenee - - - -- --- ees == 2-2-2 
Oke hag SweWA TORS. Pi. oes ere 5 si oSesese asscescsseso= 
10\coats water-geasttar: 1 coaticoal tar_......-.-.---..---2---.--<s-- 
otheurs in parafin: 4:eoats/ of paraiiin.........-.-.---------------- 4 
(Uimbusatedc 23s. ._ Sereees Soe. eee ee ere: ee eee 
“OCORUSHVIE LET= SES be ame age ts to agg ne eee eee 
‘LO: CORES PRICE DASEDE. Foe Been Se eee en ee nee So aeee eee 
10 coats: watergas tar; lycoaticoall tar. _........---<.2-2-2-ss-2-s--- 
24 hours in pavaiin;4 coatstol paraffin. ...--...-...-----.---.---.--- 














Weight Weight ' ogeen- 

after ar Paraffin | after 2 | Moisture ter Tota Total 

treat- | absorbed! absorbed} years in | absorbed = ae gain loss 

ment solution 

Grams | Percent | Percent | Grams | Percent | Percent | Percent | Per cent 
=a \RSIONGSBRIE]. = 3 eee ees 11, 105 0.77 3. 18 3. 95 0.16 
ae 10, 641 0:49 ae Se 10, 859 58 1.48 2. 06 . 08 
Be) ui ie) 027 eames 11, 322 47 1.27 1. 74 . 09 
--! 215326 1 ee a 11, 429 ae . 64 91 . 02 
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oo FAIS peek eee oo | PABA 11, 524 32 . 68 1. 00 . 03 
ae ORGS 7 beeen oe Ipesoounene 11, 185 66 4, 06 4, 66 19 
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= 8, 293 1 29h eae 8, 428 30 1. 66 1. 96 . 07 
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' Batch contained 3 cylinders. 


In Table 2 are given in condensed form the results of 
exposure tests after a period of two years, together with 
the quantities of tar and paraflin absorbed, determined 
on a per-cent-by-weight basis. It will be noticed that 
the amount of protectives taken up increases with 
leanness of the mix and might serve as a measure of 
density for concrete. 

Considering the quantitative effect of alkali attack it 
will be noted that the total percentage of gain and loss, 
indicated in the last two columns of the table, increases 
with the leanness of the mix and decreases with the 
quantity of protectives applied. 

An interesting point is the very small percentage of 
dissolved material as compared to the large increase of 
secondary salts, chiefly carbonates of lime and mag- 
nesia and hydrated alumino silicates of lime, which 
exceed 4 per cent in the untreated 1:3:6 specimens 
Gio, 12). 

The amount of absorbed moisture is quite low in 
all samples and varies from about one-fourth to 
one-sixth that of secondary salts in the untreated 
specimens. 

Regarding the relative protection offered by the 
various treatments, as indicated by percentage gain 
and loss, it will be noticed that samples of all mixes 
receiving 10 coats of water gas tar followed by a seal 
coat of coal tar (Nos. 4, 10, and 15), and those im- 
mersed 24 hours in the paraffin-kerosene solution and 
painted with four coats of this solution (Nos. 6, 
11, and 16) show about equal resistance to alkali 
attack. 

It will be observed also that where the surface coats 
have been omitted the indicated protection has been 
reduced nearly one-half in the case of tar (Nos. 3, 9, 
and 14) and about one-sixth in that of paraffin 
(No. 5). 

As stated in a previous report, the effect of alkali 
attack on samples imimersed in paraffin appeared to be 
mainly surficial, which is further substantiated by the 
relatively high total loss (0.07 per cent) and low per- 
centage of absorbed moisture indicated in No. 5. 

Comparing the total gain and loss of material from 
the,untreated samples of all mixes (Nos. 1, 7, and 12) 
with that from samples receiving the most liberal tar 
and Eien treatment (Nos. 4, 6, 10, 11, 15, and 16) 
the degree of protection offered by the latter would 
indicate at least a fourfold prolongation of the life of 
concrete subjected to alkali attack under conditions 
similar to those described. 


EFFECT OF SIZE AND SHAPE OF TEST SPECIMEN 
ON COMPRESSIVE STRENGTH OF CONCRETE 


Data of interest to those engaged in the testing of 
concrete will be found in Bulletin 16 of the Structural 
Materials Research Laboratory, Lewis Institute, Chi- 
cago, ‘Effect of Size and Shape of Test Specimen on 
Compressive Strength of Concrete,” by Harrison F. 
Gonnerman. Tests were made on 1,755 concrete 
specimens at ages of 7 days to 1 year in a study of the 
compressive strength of— 


(1) Cylinders 114 to 10 inches in diameter, 2 diameters long. 
(2) Cylinders 12 inches long, 3 to 10 inches in diameter. 

(3) Cylinders 6 inches in diameter, 3 to 24 inches long. 

(4) Cubes, 6 and 8 inches, 

(5) Prisms, 6 by 12 and 8 by 16 inches. 


The relative strength of the different forms of 
specimen was compared with the strength of 6 by 12 
inch cylinders from the same concrete. 

The principal conclusions are: 


1. The 6 by 12 inch cylinder generally used for compression 
tests of concrete, as recommended by the American Society for 
Testing Materials, is a satisfactory form of specimen. How- 
ever, this size of cylinder should be limited to aggregates not 
larger than 2 inches in diameter. 

Four by 8 inch or 5 by 10 inch cylinders are suitable for the 
smaller sizes of aggregate. The ratio of diameter of cylinder 
to maximum size of aggregate should be not less than about 3. 
For aggregates larger than 2 inches, 8 by 16 inch cylinders or 
larger should be used. 

2. For cylinders of length equal to 2 diameters, lower strengths 
were generally obtained with the larger cylinders. The de 
crease in strength with size of cylinder was not important for 
diameters of 6 inches or less; 8 by 16 inch and 10 by 20 inch 
cylinders gave 96 and 92 per cent of the strength of 6 by 12 
inch cylinders. 

3. Concrete cylinders having a ratio of length to diameter of 
from 0.5 to 4 gave the following average strength ratios at 28 days: 
Ratio of length to di- 

MSCeR: . _ eee 1.0 1525 155 2)0p9350 sac 
Strength-ratio, percent- 

age of strength of 6 

by 12 inch cylinder... 178 115 107 103 100 95 # 90 

These strength ratios agree with those reported by other inves- 
tigators. The difference in strengths of cylinders having ratios 
of length to diameter between 1.5 and 2.5 was not important. 

4. The 6 and 8 inch cubes tested at ages of 7 days to 1 year 
gave strengths averaging 18 and 13 per cent higher than 6 by 
12 inch cylinders. The strengths for 6 by 12 and 8 by 16 inch 
prisms were lower at all ages than that for 6 by 12 inch cylinders; 
the strength ratios averaged 93 and 91 per cent, respectively. 

5. For all forms of specimens the compressive strength in- 
creased with age for moist curing. For cylinders and prisms 
of length equal to twice the diameter or width, the 7-day, 3- 
month and 1-year strengths averaged 52, 142, and 178 per cent 
of the 28-day strength for 1:5 concrete. ‘The corresponding 
percentages for 6 and 8 inch cubes were 60, 129, and 165. 
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ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS 


Applicants are urgently requested to ask only for those publications in which they are 
particularly interested. The Department can not undertake to supply complete sets 
nor to send free more than one copy of any publication to any one person. The editions 
of some of the publications are necessarily limited, and when the Department’s free supply 
is exhausted and no funds are available for procuring additional copies, applicants are 
referred to the Superintendent of Documents, Government Printing Office, this city, who 
has them for sale at a nominal price, under the law of January 12, 1895. Those publica- 
tions in this list, the Department supply of which is exhausted, can only be secured by 
purchase from the Superintendent of Documents, who is not authorized to furnish pub- 
lications free. 


ANNUAL REPORT 
Report of the Chief of the Bureau of Public Roads, 1924. 
DEPARTMENT BULLETINS 


No. 105. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1913. 
*136. Highway Bonds. 20c. 
220. Road Models. 
257. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1914. 
*314. Methods for the Examination of Bituminous Road 
Materials. 10c. 
*347. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10c. 
*370. Bue nets of Physical Tests of Road-Building Rock. 
15c. 
386. Public Road Mileage and Revenues in the Middle 
Atlantic States, 1914. 
387. Public Road Mileage and Revenues in the Southern 
States, 1914. 
388. Public Road Mileage and Revenues in the New 
England States, 1914. 
390. Public Road Mileage and Revenues in the United 
States, 1914. A Summary. 
407. Progress Reports of Experiments in Dust Prevention 
and Road Preservation, 1915. 
*463. Earth, Sand-Clay, and Gravel Roads. 15c. 
*532. The Expansion and Contraction of Concrete and 
Concrete Roads. 10c. 
*537. The Results of Physical Tests of Road-Building Rock 
in 1916, Including all Compression Tests. 5c. 
*583. Report on Experimental Convict Road Camp, Fulton 
County, Ga. 25c. 
*660. Highway Cost Keeping. 10c. 
670. The Results of Physical Tests of Road-Building Rock 
in 1916 and 1917. 
*691. Typical Specifications for Bituminous Road Mate- 
rials. 10c. 
*704. Typical Specifications for Nonbituminous Road 
Materials. 5c. 
*724. Drainage Methods and Foundations for County 
Roads.  20c. 
*1077. Portland Cement Concrete Roads. 15c. 
*1132. The Results of Physical Tests of Road-Building Rock 
from 1916 to 1921, Inclusive. 10c. 
1216. Tentative Standard Methods of Sampling and Test- 


ing Highway Materials, adopted by the American 
Association of State Highway Officials and ap- 
proved by the Secretary of Agriculture for use in 
connection with Federal-aid road construction. 


No. 1259. Standard Specifications for Steel Highway Bridges, 
adopted by the American Association of State High- 
way Officials and approved by the Secretary of 
Agriculture for use in connection with Federal-aid 
road work. 

1279. Rural Highway Mileage, Income and Expenditures, 
1921 and 1922. 


DEPARTMENT CIRCULAR 
No. 94. TNT as a Blasting Explosive. 


331, Standard Specifications for Corrugated Metal Pipe 
Culverts. 


FARMERS’ BULLETIN 


No. *338. Macadam Roads. 5c. 

*505. Benefits of Improved Roads. 5c. 

SEPARATE REPRINTS FROM THE YEARBOOK 
No. *727. Design of Public Roads. 5c. 


*739. Federal Aid to Highways, 1917. 5c. 
*849. Roads. 5c. 


OFFICE OF PUBLIC ROADS BULLETIN 


No. *45. Data for Use in Designing Culverts and Short-span 
Bridges. (1913.) 15e. 
OFFICE OF THE SECRETARY CIRCULARS 
No. 49. Motor Vehicle Registrations and Revenues, 1914. 


59. Automobile Registrations, Licenses, and Revenues in 
the United States, 1915. 
63. State Highway Mileage and Expenditures to January 
1, 1916. 
*72. Width of Wagon Tires Recommended for Loads of 
Varying Magnitude on Earth and Gravel Roads. 5c. 
73. Automobile Registrations, Licenses, and Revenues in 
the United States, 1916. 
Rules and Regulations of the Secretary of Agriculture 
for Carrying out the Federal Highway Act and 
Amendments Thereto. 


161. 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL 
RESEARCH 


Effect of Controllable Variables Upon 
the Penetration Test for Asphalts and 
Asphalt Cements. 

Apparatus for Measuring the Wear of 
Concrete Roads. 

A New Penetration Needle for Use in 
Testing Bituminous Materials. 

Toughness of Bituminous Aggregates. 

Tests of a Large-Sized Reinforced-Con- 
crete Slab Subjected to Eccentric Cons 
centrated Loads. 


Vol. 10, No. 
Vol. 11, No. 10, D-15. 








* Department supply exhausted. 
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